
62. (amended) A method of determining the progression of a tumor to a more 
it phenotype comprising measuring the level of amplification of a MAC1 17 gene in a 
tumor sample containW cells or increased expression of a MAC1 17 gene in [the tumor] 
a body sample, [the presence of] amincrease in the amplification or increased expression of said 
MAC117 gene indicating a more malignant phenotype. 



REMARKS 



Claims 44, 46, 47 and 60-62 are pending in this application. Claim 45 has been 
cancelled without prejudice. Claims 44, 46 and 60-62 have been amended to more particularly 
define the invention. The specification has been amended for clarity in accordance with the 
suggestions in the Office Action and to correct some inadvertent typographical errors not 
addressed in the Office Action. All of the amendments to the specification are of a clarifying 
nature only and are supported as set forth below. Therefore, no new matter has been added by 
these amendments. In light of these amendments and the following remarks, applicants 
respectfully request reconsideration and allowance of the pending claims. 



Applicants note that the Office Action states that claims 47, 61 and 62 are 
allowable over the prior art. 



Applicants also note that the subject application was filed on October 21, 1987 and 
that the numerous final rejections have been withdrawn only to have new grounds of rejection 
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entered. Applicants believe that in view of these amendments and the following remarks, the 
lengthy list of new issues raised in the October 4, 1994 Office Action has been addressed. 
However, if any issues remain, applicants invite the Examiner to call applicants' undersigned 
attorney in order to efficiently resolve these issues before this application reaches it eight year 
anniversary. 

I. Rejection under 35 U.S.C. S 1 12. first paragraph 

A. The specification is objected to and claims 44-47 and 60-62 are rejected under 
35 U.S.C. § 1 12, first paragraph, as allegedly failing to adequately teach how to make and/or use 
the invention. Specifically, the Office Action states that the claims as presently worded direct the 
result of amplification or expression measurements as indicative of cancer that is "caused" by the 
measured effects and that the cause and effect relationship is not enabled by the disclosure. The 
Office Action further states that the cause and effect relationship between amplification or 
increased expression and cancer is speculative and therefore lacks enablement regarding the 
"caused by" limitation in the claims, because other explanations of the data are possible and 
reasonable. 

Claims 44 and 60-62 have been amended to more specifically recite the invention 
by deleting the objectionable phrase "caused". Therefore, these rejections are rendered moot. 
Specifically, claim 44 has been amended to recite that the presence of amplification or increased 
expression of the MAC1 17 gene is indicative of the presence of cancer or a cancer with a more 
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malignant phenotype. Claim 60 has been amended to recite that the detection of amplification, 
rearrangement or increased expression of the MAC 1 17 as well as the abnormal expression of the 
protein product of the MAC1 17 gene indicates the presence of human cancer in a patient. Claim 
61 has been amended to recite that cancers from patients whose tissue or tumor cell samples show 
amplification or increased expression of the MAO 17 gene can be classified as cancers which are 
correlated with amplification or increased expression of the MAC1 17 gene. Claim 62 has been 
amended to recite that the presence of an increase in the level of amplification or increased 
expression of the MAC 1 17 gene indicates a more malignant phenotype. Claims 46 and 47 depend 
from claim 44 and are addressed by the amendment to claim 44. Support for these amendments is 
provided in the overall teachings of the specification and particularly on pages 19-21, 22a-22e, 23 
and Table 1, wherein it is taught that amplification or increased expression of the MAC1 17 gene 
is consistently correlated with tumor formation in vivo and transformation in vitro and is never 
found as a condition in normal cells. Also, certain cancers are correlated with amplification or 
increased expression of specific oncogenes, allowing for their identification as tumors with more 
malignant phenotypes. Thus, as pointed out on page 23, lines 16-23, overexpression of certain 
oncogenes can contribute to the progression of such tumors and the five- to tenfold amplification 
of the v-erbB-related gene of the present invention in a mammary carcinoma indicates that 
increased expression of this gene may have provided a selective advantage to this tumor. 
Applicants believe these amendments further clarify the invention, thereby mooting this rejection. 
Applicants therefore respectfully request withdrawal of this rejection. 
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B. Claims 44-47 and 60-62 are rejected under 35 U.S.C. § 1 12, first paragraph, as 
the disclosure is allegedly enabling only for claims limited to methods where the sample is a tissue 
or tumor sample containing cells from the patient. Specifically, the Office Action states that it is 
noted^hat claim 60, part (a), practices detection in a tissue sample but that part (b) is not so 
limited in that it cites a "body sample." The Office Action also notes that claim 62 practices 
measurements in the tumor but does not clearly direct said measurements to cellular portions of 
said tumor. Applicants believe these rejections are not based on the skilled artisan being unable to 
measure increased expression in a body sample, but rather the rejection is based on the Examiner's 
position that applicants have not proven that increased expression can be measured in a cell 
sample. 

The claims have been amended to add that amplification is measured in a sample 
containing cells. Thus, the rejection is moot for amplification. However, applicants contend that 
the MAC1 17 gene product can be detected in body samples other than cells. 

To support this contention, applicants submit a Declaration by Dr. Kraus (an 
unsigned copy is included herein and the signature copy will be forthcoming), providing data 
disclosed in the publication submitted as Exhibit A: "Elevated soluble c-erbB-2 antigen levels in 
the serum and efiusions of a proportion of breast cancer patients. " (Leitzel et al., (1992) 
10: 1436-1443) which demonstrate the detection of the protein product of the MAC1 17 (c-erbB- 
2) gene in serum and efiusions from cancer patients. Specifically, the Declaration states that an 
enzyme linked immunosorbent assay (ELISA) has been developed to detect the extracellular 
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domain of the c-erbB-2 oncogene product in serum and effusions from cancer patients. The assay 
data showed that sera from 12 of 53 patients with metastatic or locally advanced breast cancer, 
zero of 69 controls, one of 3 1 patients with ovarian cancer and two of 124 patients with other 
cancers had soluble c-erbB-2 levels greater than or equal to 5 U/ml. Also, two of five efliisions 
from breast cancer patients had an elevated soluble c-erbB-2 antigen level, compared with zero of 
17 effusions from patients with benign disease. These data establish evidence that the detection of 
increased expression of the MAC1 17 gene can in some cases be carried out by analyzing serum 
and effusion fluid as well as tissue or tumor cell samples and that the claim language reciting "a 
body sample" as applied to increased expression is not overly broad in its scope. On this basis, 
the recitation in claim 60, part (b) of a body sample is consistent with these data as they apply to 
the claimed invention and has been left in the claim. Claim 62 has been amended to recite a body 
sample instead of "the tumor" for the same reasons cited above in support of the language of 
claim 60. Applicants therefore respectfully request withdrawal of this rejection. 

C. Claims 44-47 and 60-62 are rejected under 35 U.S.C. § 1 12, first paragraph, as 
the disclosure is allegedly enabling only for claims limited to cancer being indicated as caused by 
increased expression of the MAC1 17 gene. The Office Action specifically states that, as presently 
claimed, both gene amplification and increased expression indicate cancer presence as caused by 
either effect and that this is not supported by the transformation results described in the 
specification. The Office Action contends that in the disclosures in the specification, only 
increased expression of either mRNA or protein correlates to cancer type characteristics of cells 
being studied. The Office Action states that the lack of cancer type transformation resulting from 
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the introduction into cells of multiple gene copies of MAC1 17 in experiments employing the 
SV40/MAC1 17 expression vector indicates that the MAC1 17 gene amplification itself is not 
indicative of cancerous cell characteristics. 

Applicants contend that the data set forth in the specification demonstrate that 
amplification of the MAC 1 1 7 is indicative of a correlation with cancer. Specifically, 
amplification of the MAC 1 17 is consistently correlated with the presence of cancer in vivo, as 
evidenced by the fact that amplification of the MAC1 17 gene has never been detected in normal 
tissues or cells in the absence of a cancerous condition. The example cited in the Office Action, 
wherein the presence of multiple copies of the MAC1 17 gene failed to result in transformation of 
the transfected cells, describes an artificial condition of amplification of the MAC1 17 gene in 
vitro, which is not representative of the demonstrated effects of amplification of the MAC 1 17 
gene in vivo. The lack of cancer type transformation resulting from SV40/MAC1 17 DNA as 
shown in Table 1 compared to the LTR mediated results may mean only that, under the control of 
the SV40 promoter, the MAC1 17 gene is not expressed beyond a threshold level necessary to 
induce transformation in vitro, irrespective of the level of amplification, whereas under the control 
of the LTR, this level is reached and transformation is induced. The Examiner himself has 
pointed out on page 4, lines 4-10 of the Office Action that these in vitro data are subject to a 
variety of interpretations. These data can hardly be only interpreted to negate the overwhelming 
amount of in vivo data demonstrating that amplification is consistently associated with cancerous 
conditions and are not detected in the absence of a cancerous condition, as has been addressed in 
previous responses to this application. 
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Applicants' data demonstrate that increased expression of the MAO 17 in the 
absence of amplification is also correlated with a cancerous condition in a significant number of 
cases. Thus, in a clinical assay, detecting the amplification of the MAO 17 provides a rapid 
screening method for diagnosing a cancer, identifying a particular type of cancer or prognosing 
the survival rate of a patient diagnosed with cancer, because the detection of amplification alone 
would provide the necessary information and no further expression testing would be required. If 
the assay failed to detect amplification, the patient's sample could then be assayed for increased 
expression of mRNA or protein to confirm or rule out a cancerous condition, identify a particular 
type of cancer or prognose the survival rate of a patient diagnosed with a type of cancer which 
correlates with increased expression of the MAO 17 gene in the absence of detectable 
amplification of the MAO 17 DNA. 

In summary, 1) both amplification and increased expression of the MAO 17 DNA 
in vivo are consistently associated with a cancerous phenotype and are not observed in normal 
tissue and 2) the detection of either amplification or increased expression in a patient's body 
sample is consistently indicative of the presence of cancer, as claimed in the present invention. 
For these reasons, applicants respectfully request withdrawal of this rejection. 

D. Claims 44-47 and 60-62 are rejected under 35 U.S.C. § 1 12, first paragraph as 
the disclosure is allegedly enabling only for claims limited to specific hybridization probes such as 
the insert in pMAO 17 or the segment between Nco I and Acc I and that no antibody probes are 
enabled. The Office Action states that the reason for this rejection is the lack of instantly enabled 
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epidermal growth factor (EGF) receptor protein or nucleic acid sequence enablement. The Office 
Action contends that because probes must be prepared to distinguish MAC1 17 sequences and 
epitopes from very similar EGF receptor embodiments, the EGF receptor gene and protein are 
essential subject matter and that the instant disclosure does not include EGF receptor sequence 
information or protein epitope information. The Office Action goes on to state that a number of 
references of printed publications are cited regarding various EGF receptor disclosures and that, 
according to M.P.E.P. §§ 706.03 (n) and 706.03(z), reference to these printed publications is 
insufficient for the disclosure of essential material. The Office Action recites that applicants are 
required to amend the disclosure to include the material incorporated by reference and include a 
Declaration stating that the amendatory material consists of the same material incorporated by 
reference. 

Applicants have amended the specification to included the material described by 
the Office Action as essential subject matter. Specifically, at page 8, the specification has been 
amended to include the nucleotide and amino acid sequence of the EGF receptor gene as 
disclosed in Ullrich etal, Nature 309:418-425 (May 1984) and submitted as Exhibit B, which is 
cited as incorporated by reference in the specification at page 2, lines 21-22 and page 3, lines 15- 
16. Furthermore, in accordance with the proper incorporation by reference of this essential 
subject matter, included herewith is a Declaration by Dr. Matthias Kraus (an unsigned copy is 
included herein and the signature copy will be forthcoming), wherein he states that the 
amendatory material consists of the same material incorporated by reference in the specification at 
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the cites described. It is believed that this amendment and Declaration moot this rejection and 
applicants respectfully request its withdrawal. 

II Rejection under 35 U.S.C. § 1 12. second paragraph 

Claims 44-47 and 60-62 are rejected under 35 U.S.C. § 1 12, second paragraph as 
allegedly being indefinite for failing to particularly point out and distinctly claim the subject matter 
regarded as the invention. Specifically, the Office Action addresses the following issues: 

A. Claims 44-47 and 60-62 are allegedly vague and indefinite in that the metes and 
bounds of what applicants mean regarding the practice of the phrase "a MAC1 17 gene" as cited in 
claim 44, line 3 or "the MAC1 17 gene" as cited in claim 60, lines 4 and 8 are not clearly defined. 
The Office Action states that the specification is unclear regarding the definition of the MAC1 17 
gene for two reasons: 1) The Office Action inquires as to what is meant on pages 4 and 9d, lines 
2-5 and 10-12, respectively, wherein the gene is described as having the nucleotide sequence as 
shown in Fig. 1. The specific question is whether this description refers to the sequence shown at 
the bottom of Figure 2 and cited as 424 bases in length or whether this description refers to a 
gene containing at least the insert sequence of AMAC1 17 shown at the top of Figure 1 defined by 
a restriction map but not actually depicted as a detailed nucleotide sequence similar to that at the 
bottom of Figure 1. 2) The Office Action also states that claim 45 appears to limit said gene to 
comprising the Figure 1 sequence of 424 bases but since claim 45 depends from claim 44, this 
implies that claim 44 is broader in scope than claim 45 thus suggesting that what is meant by "a 
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MAC1 17 gene" is broader than only a gene containing the Figure 1 sequence of 424 bases. The 
Office Action requests clarification regarding the basis for defining the gene and what distinctness 
measurement defines the MAC1 17 metes and bounds. 

The standard textbook definition of a gene is a DNA sequence that codes for 
amino acids. (Watson et al., Molecular Biology of the Gene, Fourth Edition. Benjamin/Cummings 
Publishing Company, Inc., 1987, p. 233). Thus, by their disclosure on page 20, lines 23-26, that 
Figure 1 shows two exons of the MAC 1 17 gene which encode part of the polypeptide chain of the 
MAC1 17 gene product, applicants have defined the MAC1 17 gene. Specifically, the MAC1 17 
gene is the gene encoding the MAC1 17 protein. Figure 1 shows only a portion of the MAC1 17 
gene. Additional parameters by which the MAC1 17 gene is defined are set forth in the 
specification as follows. On page 5, under the description of Figure 2, it is described that "DNA 
(from normal human placenta, A431 cells or human mammary carcinoma MAC 1 17, prepared as 
described on pages 10-11) was cleaved with Eco RI (as described on pages 11-12), separated by 
gel electrophoresis in agarose gels (as described on page 12) and transferred to nitrocellulose 
paper." (as described on page 12). These DNAs were then probed with v-erbB probe which was 
"...a mixture of the 0.5-kbp Bam HI-Bam HI fragment and 0.5-kbp Bam HI-Eco RI fragment of 
avian erythroblastosis proviral DNA." (page 6, lines 7-9). This probe was prepared as described 
on pages 13-14. This particular probe was used to identify any DNA in human mammary 
carcinoma MAC1 17 which would cross-hybridize with gene sequences from the v-erbB gene 
because "[rjecent analysis of the v-erbB gene and the EGF receptor gene indicates that the v-erbB 
gene is a part of the EGF receptor gene and codes for the internal domain and transmembrane 
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portion of the receptor." (page 2, lines 16-19). The results of the application of the v-erbB probe 
to these DNAs showed that "...DNA prepared from tissue of a human mammary carcinoma, 
MAC1 17, showed a pattern of hybridization that differed both from that observed with DNA of 
normal human placenta and from that observed with the A43 1 squamous-cell carcinoma line, 
which contains amplified epidermal growth factor (EGF) receptor genes. In A43 1 DNA, four 
Eco RI fragments were detected that had increased signal intensities compared to those of 
corresponding fragments in placenta DNA (Fig. 2A). In contrast, MAC1 17 DNA contained a 
single 6-kilobase pair (kbp) fragment, which appeared to be amplified compared to corresponding 
fragments observed in both A431 and placenta DNAs (Fig. 2A). These findings indicate that the 
MAC 1 17 tumor contained an amplified DNA sequence related to, but distinct from, the cellular 
erbB proto-oncogene." (page 19, lines 8-23). 

After having identified a genetic region of MAC 1 17 DNA which cross-hybridized 
with an EGF receptor gene sequence, but which was distinct from the EGF receptor gene 
sequence, applicants cloned the MAC1 17 DNA as described on pages 17-18. As a result of 
screening of the library generated as described, H [t]en of 14 hybridizing phages contained a 6-kbp 
Eco RI fragment. Figure 1 shows the physical map of one of these phages, AMAC1 17, and 
pMACl 17, a pUC12 subclone containing a 2-kbp Bam HI fragment of AMAC 117 that 
hybridized with v-erbB probes. The region of pMACl 17 to which v-erbB hybridized most 
intensely was flanked by Acc I and Nco I sites." (page 18, lines 18-25). "The nucleotide 
sequence of the portion of pMACl 17 located between the Nco I and Acc I sites contained two 
regions of nucleotide sequence homologous to v-erbB separated by 122 nucleotides (Fig. 1). 
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These regions shared 69 percent nucleotide sequence identity with both the v-erbB and the human 
EGF receptor gene. The predicted amino acid sequence of these regions was 85 percent 
homologous to two regions that are contiguous in the EGF receptor sequence. Furthermore, 
these two putative coding regions of the MAO 17 sequence were each flanked by the AG and GT 
dinucleotides that border the exons of eukaryotic genes. These findings suggest that the sequence 
shown in Fig. 1 represents two exons, separated by an intron of a gene related to the erbB/ EGF 
receptor gene." (page 20, lines 12-26). 

Applicants also "...assembled a full length normal human MAC1 17 clone from 
overlapping cDNA clones (Figs. 5A,B)." (page 22c, lines 5-6). "Fig. 5 A shows the restriction 
map of complementary DNA of MAC1 17 encompassing the entire coding region of the gene. 
Clone pMAC137 was isolated from an oligo dT primed human fibroblast cDNA library using a 
0.8-kbpAcc I fragment from the 3* terminus of pMACl 17 as probe. Clones AMAC30, 
AMAC10 1 and AMAC14-1 were subsequently isolated from a randomly primed MCF-7 cDNA 
library using cDNA fragments as probes." (page 9a, lines 2-7). "Fig. 5B illustrates 3 probes, a, b, 
and c, representing the 5', a middle portion, and the entire coding region, respectively..." 
(amended to appear on page 9a, prior to amendment, page 22a, lines 10-11). 

Thus, the MAO 17 gene is a sequence of DNA which contains a 6-kbp Eco RI 
fragment which binds a probe derived from the EGF receptor gene but which can be distinguished 
from the EGF receptor gene because the same probe binds different Eco RI fragments in A431 
cells which are known to have an amplified EGF receptor gene. The MAO 17 gene also contains 
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a 6-kbp Eco RI fragment, representing two exons as shown in Fig. 1 and consists of the coding 
region having the restriction map of Fig. 5 A and which is represented in its entirety by the clones 
pMAC137, AMAC30, A.MAC10' and AMAC14-1. Therefore, according to this definition of the 
MAC1 17 gene, claim 44 is broader in scope than claim 45, as implied by the claim language. 

For the reasons set forth above, applicants believe that the definition of the 
MAC1 17 gene has been defined and therefore respectfully request withdrawal of this rejection. 

B. Claims 45 and 46 are allegedly vague and indefinite in that it is unclear what 
distinguishes the two claims. The Office Action states that claim 45 contains the phrase 
"comprises at least in part" whereas claim 46 only contains the word "comprises" instead of the 
above phrase, suggesting that because the claims have different wording, claims 45 and 46 should 
have different meaning. The Office Action requests clarification of what different meaning is 
meant regarding claims 45 and 46. The Office Action also states that the phrase "at least in part " 
is confusing in that "at least" suggests a minimal content and "in part" suggests that more is 
present than the "at least" portion. 

Applicants contend that the scope of claim 45 includes any identifying part of the 
424 nucleotide sequence listed and that the scope of claim 46 is distinguished as the 424 
nucleotide sequence itself However, to expedite prosecution of this application to issue, claim 45 
has been cancelled without prejudice and claim 46 has been amended to more particularly describe 
the invention. Specifically, claim 46 has been amended to recite a gene that encodes a polypeptide 
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encoded by a gene which comprises the nucleotide sequence recited in claim 46. Thus, the 
nucleotide sequence listed can vary in accordance with the degeneracy of the genetic code such 
that the resulting polypeptide is the same regardless of the specific nucleotide sequence. 
Applicants therefore respectfully request that this rejection be withdrawn. 

C. In claim 60, line 4, the phrase "the MAC1 17 gene" allegedly lacks antecedent 
basis for a singular form such as suggested by the wording "the" MAC1 17 gene. 

Claim 60 has been amended to establish antecedent basis for the MAC1 17 gene, 
thereby mooting this rejection. Applicants therefore respectfully request withdrawal of this 
rejection. 

D. Claim 44 allegedly cites the intended method to be directed to "diagnosing or 
evaluating" in line 1 but only accomplishes in recited steps what is deemed "diagnosing" in line 6 
cited therein as "indicating the presence of cancer". The Office Action also states that the 
evaluation criteria which correlate the extent of cancer seriousness to MAC 1 17 amplification or 
increased expression are not evident from the claim but only become possible interpretations after 
contemplating the claim wording at length. The Office Action requests clarification of claim 
wording regarding what evaluation is intended to be practiced in claim 44 and those claims 
dependent therefrom. 
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Claim 44 has been amended to recite the evaluation of a cancer as having a more 
malignant phenotype. Support for this claim is found, for example, in claim 62 and on page 23, 
lines 14-27. Thus, the claim has been amended to more particularly define the invention. 
Applicants believe that this amendment renders moot this rejection and respectfully request its 
withdrawal. 

m. Rejection under 35 U.S.C. § 102(a > > 

Claims 44-46 and 60 are rejected under 35 U.S.C. § 102(a) as allegedly being 
anticipated by either Semba et al. or Yamamoto et al. Specifically, the Office Action states that 
Semba et al. discloses the amplification of c-erbB-2 in human adenocarcinoma of the salivary 
gland and that these results read on the diagnostic methods as instantly claimed for the carcinomas 
therein analyzed. The Office Action further states that Yamamoto et al. discloses c-erbB-2 
amplification in cancer cells and suggests that such amplification is sometimes involved in the 
neoplastic process. The Office Action alleges that this is a conservative evaluation of diagnostic 
use of the detection of such amplification, based on data for cell samples that serve as the basis for 
the instant invention also and therefore are equally supportive of diagnostic methods and therefore 
read on the above rejected claims. The Office Action further states that Semba et al. and 
Yamamoto et al. were published less than one year prior to the parent application serial number 
06/836,414, thus making a 102(a) rejection appropriate due to priority given to said parent 
application for the subject matter of the above rejected claims. 
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Applicants assert that a 102(a) rejection to the claimed invention is inappropriate 
because the present invention was conceived and reduced to practice prior to the above cited 
references. In support of this assertion, included herewith is the Declaration under 37 C.F.R. 
§1.131 of Drs. King, Kraus and Aaronson (an unsigned copy is included herein and the signature 
copy will be forthcoming), wherein these co-inventors declare that prior to October, 1985 and 
January, 1986, they reduced the claimed invention to practice, as evidenced by the publication 
(included as Exhibit C) of King et al., Science 229:974-976 (September, 1985), which contained 
all the data which formed the basis of the claimed invention and the published paper. For this 
reason, applicants contend that this rejection has been rendered moot and respectfully request its 
withdrawal. 

IV. Objections to the specification for informalities 

A. In the specification on page 2, line 14, the word "receptorcomplex" appears to 
be two words run together. This typographical error has been amended to distinguish these two 
words. 

B. In the specification on page 4, line 15, the word "complimentary" is misspelled 
in the context in which it is used. The spelling has been amended. 

C. In the specification on pages 5-7, Figures 1 and 2 are described in a manner 
which is confusing when compared to the content of Figures 1 and 2. This confusion is the result 

-35- 



of an inadvertent mislabeling of the figures of the invention and the specification has been 
amended to accurately describe the contents of Figures 1 and 2 by rearranging the descriptions in 
the text and by amending all references to these figures throughout the specification. No new 
matter has been added by this amendment, which consists of text already present in the 
specification, with minor clarifying modifications. 

D. In the specification on page 7, line 4, reference is made to Figure 1 A, whereas 
there is no Figure 1 A. This reference is to Figure 2 A and the specification has been amended 
accordingly. 

E. In the specification on page 9a, Figure 5 is incompletely described and the 
description set forth actually describes only Figure 5A. A description of Figure 5B is included in 
the specification on page 22a, lines 10-13 but is not connected with the Figure 5 description on 
page 9a. The Figure 5 description on page 9a has been amended to indicate that it is the 
description for Figure 5 A. The specification has also been amended so that the Figure 5B 
description on page 22a has been moved to page 9a under the heading of the description of Figure 
5 and all references to Figure 5 A and/or 5B have been amended for consistency. 

F. In the specification on page 9a, lines 13 and 18, Fig. IB, probes a arid b are 
cited. Similarly, on page 9b, line 14, Fig. IB, probe b is cited. The disclosure does not contain a 
Figure IB nor are probes a and b described in Figure 1. Pages 9a and 9b have been amended to 
indicate that these are references to Figure 5B. 
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G. In the specification on page 9c, Table 1 is awkwardly located between the 
Brief Description of Figure 9 on page 9b and Figure 10 on page 9d. The specification has been 
amended to place Table 1 after page 35, which is the last page of the specification. 

H. In the specification on page 9c, next to last line, the concentration range is 
incorrectly stated. The specification has been amended to accurately describe the concentration 
range. 

I. In the specification on page 12, line 24, "nirocellulose" is misspelled. This 
typographical error has been amended to reflect the correct spelling. 

J. In the specification on page 13, lines 14 and 15, Fig. 1A and IB are cited. This 
has been amended to cite Fig. 2 A and 2B. 

K. In the specification on page 9, line 2 and page 13, line 12, respectively, PE7 
and pE7 are cited to designate the apparently identical probe. The specification has been 
amended to consistently designate the probe as pE7. 

L. In the specification on page 14, line 2, the enzyme designation "Hi" appears to 
be incorrect. The specification has been amended to correct this typographical error. 
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M. In the specification on page 1 5, lines 15-16, the Acc I- Nco I region is cited 
from Fig. 2. The specification has been amended to cite that this region is from Fig. 1 . 

N. In the specification on page 15, line 20, the designation "P 12 " appears incorrect. 
The specification has been amended to recite the isotope 32 P. 

O. In the specification on page 17, line 11, "dithiothretol" appears to be 
misspelled. This typographical error has been amended to reflect the correct spelling. 

P. In the specification on page 17, lines 20-21, the phrase "plaques containing 
approximately 15,000 plaques" is unclear. This phrase has been amended to read "plates 
containing approximately 15,000 plaques." 

Q. In the specification on page 17, line 1, it is confusing as to what is meant by the 
phrase "Cloning of MAC1 17." The phrase has been amended to recite "Cloning of A.MAC1 17." 

R. In the specification on page 18, line 12, the phrase "the 6-kbp fragment" is 
confusing in that a specific fragment is suggested, although there is no citation of any specific 6- 
kbp fragment in the specification before said phrase. The specification has been amended by 
deleting this out of context reference to a specific 6-kbp fragment. 
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S. In the specification on page 18, lines 20 and 26, Fig. 2 is cited as showing a 
map of a phage. The specification has been amended to recite Fig. 1 as showing the phage map. 



T. In the specification on page 19, starting at line 8, Fig. 1 A is cited three times as 
showing a hybridization pattern. The specification has been amended at these three cites to refer 
to Fig. 2A. 

U. In the specification on page 19, lines 12 and 16, the words "sequmous" and 
"framents" appear to be misspelled. The specification has been amended to reflect the correct 
spellings of these words. 

V. In the specification on page 20, first paragraph, Figs 1 A and IB are discussed. 
The specification has been amended to indicate that these are references to Figs 2A and 2B. 

W; In the specification on page 20, lines 15 and 24, Figs 3 and 2, respectively, are 
discussed as showing nucleic acid sequence information. The specification has been amended to 
indicate that these are references to Fig. 1. 

X. In the specification on page 22a, lines 2 and 19-20, citations directed to Kraus 
et al. are insufficient. The specification has been amended to include the fiill citation. 
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Y. In the specification on pages 22c and 22d, lines 9 and 16, citations directed to 
DiFiore et al. are insufficient. The specification has been amended to include the full citation. 

Z. In the specification on page 22a, lines 3-5, a 0.8-kbp Acc I DNA fragment is 
cited with reference to Figure 1 and the other end of the fragment is not defined. The 
specification has been amended at page 9, line 4 and page 22a, line 4, to recite that the other end 
of this fragment is the 3' terminus of the MAC1 17 clone, as implied in the text. 

AA. In the specification on pages 22c and 22d, last line and line 8, respectively, 
Table I is described, whereas the only table shown is designated as Table 1. The specification has 
been amended to consistently recite Table 1. 

BB. In the specification on pages 24 and 27, lines 2 of each, Figure 1 is cited as if 
it discloses detection information. The specification has been amended to reflect that these are 
references to Figure 2. 

CC. In the specification on page 24, lines 2-5, the Bgl I to Bam HI fragment of 
pMACl 17 is cited as being used to detect the gene and its mRNA. This is claimed to be 
inconsistent with the record in that said fragment has been cited as being used only for detection 
of the gene. The same probe, consisting of the Bgl I to Bam HI fragment of pMACl 17 is 
employed in the Southern blot of Figure 2 to detect the MAC 1 17 gene, as stated in the 
specification on page 20, lines 1-5 and in the Northern blot of Figure 4 to detect the mRNA 
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transcribed from the MAC1 17 gene, as stated in the specification on page 21, lines 16-17. The 
probe to which reference is made on page 21 is described as the Bgl I-Bam HI fragment in the 
figure legend of Figure 4, on page 9, lines 1-2. The specification has been amended at page 21, 
line 16 to clarify that the Bgl I-Bam HI probe is being used in the Northern blot described in Fig. 
4. 

The Office Action further states that "Contrary to the above assertion the mRNA 
is disclosed, as being performed using either probes a or b of Figure 5..." There is nothing 
contrary about any of these assertions. In the experiments described in Figures 2 and 4, the probe 
used was the Bgl I to Bam HI fragment of pMACl 17. In the experiments described in Figure 6, 
the probes used were those described in Figure 5B as probes a and b. These are different 
experiments that employed different probes and there is nothing inconsistent or contrary in the 
specification regarding their use. Thus, there is no error in the statement on page 24, lines 2-5, 
that "...the isolation and use of the Bgl I to Bam HI restriction fragment of pMACl 17 to 
specifically detect the gene and its mRNA has been set forth." 

DD. In the specification on page 24, line 28, the probe designation "C" appears to 
be incorrect in comparison to Figure 5B. The specification has been amended to properly 
designate the probe as V\ 
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EE. In the specification on pages 26 and 28, lines 16 and 7, respectively, claim 4 is 
discussed whereas claim 4 has been cancelled. The specification has been amended to describe 
the amino acid sequence without reference to claim 4. 

FF. In the specification on page 28, line 8, claim 1 is cited whereas claim 1 has 
been cancelled. The specification has been amended to describe the nucleic acid sequence without 
reference to claim 1. 

GG. In the specification on page 26, lines 16-18, the sentence contains 
typographical errors which confuse its meaning. These errors have been amended to clarify the 
meaning of the sentence. 

HH. In the specification on page 28, line 6, the word "form" is used incorrectly. 
The specification has been amended to recite "from". 

n. In the specification on page 28, line 20, the word "boservations" is misspelled. 
The specification has been amended to recite the correct spelling of observations. 

JJ. In the specification on page 28, line 25, the citation directed to Slamon et al. is 
insufficient. The specification has been amended to include the entire reference. 
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KK. In the specification on pages 29 and 3 1, lines 10 and 6, respectively, Figure 1 
is cited incorrectly. The specification has been amended to indicate that these are references to 
Figure 2. 

LL. In the specification on page 30, line 16, Figure 1 1 is cited whereas there is no 
Figure 1 1 . The specification has been amended to indicate that this is a reference to Figure 10. 

MM. In the specification on page 31, line 5, "demonstated" is misspelled. The 
specification has been amended to reflect the correct spelling of demonstrated. 

NN. In the specification on page 34, line 7, "instrucitons" is misspelled. The 
specification has been amended to reflect the correct spelling of instructions. 

In addition, the following amendments have been made to the specification which 
were not addressed in the Office Action but have been deemed necessary as clarifications to the 
specification. 

The last sentence on page 34 of the specification has been amended to add the 
word "setting" to further clarify the meaning of that sentence. 



On page 22c, line 6, "(Fig. 5)" has been amended to "(Figs. 5A,B)." 
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On page 27, line 2, "Figures 1" has been amended to "Figures 2." 



On page 27, line 5, M 5A" has been amended to "5B. 



ii 



On page 27, line 12, the phrase "or increased expression" has been inserted 
between "amplification" and "of." 

On page 27, line 17, the phrase "or its mRNA transcript" has been inserted 
between "gene" and "are." 



Other amendments have been made to the specification to correct typographical 
errors that were not pointed out in the Office Action. 

All of the above amendments to the specification are of a clarifying nature and add 
no new matter to the specification. Applicants therefore respectfully request removal of these 
objections. 

Pursuant to the above amendments and remarks, reconsideration and allowance of 
the pending application is believed to be warranted. The Examiner is invited and encouraged to 



On page 27, line 19, "Figure 1" has been amended to "Figure 2." 
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directly contact the undersigned if such contact may enhance the efficient prosecution of this 
application to issue. 



A check in the amount of $870.00 is enclosed with a three-month Request for 
Extension of Time. This amount is believed to be correct; however, the Commissioner is hereby 
authorized to charge any additional fees which may be required, or credit any overpayment to 
Deposit Account No. 14-0629. 

Respectfully submitted, 



David G. Perryman 
Registration No. 33,438 

NEEDLE & ROSENBERG, P C. 
Suite 1200, The Candler Building 
127 Peachtree Street, N.E. 
Atlanta, Georgia 30303-1811 
(404) 688-0770 
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ntigen Levels in the Serum and 
Effusions of a Proportion of Breast Cancer Patients 



By Kim Leitzel, Yoshio Teramoto, Ellen Sampson, June Mauceri, Beatrice C. Langton, Laurence Demers, 
Edward Podczaski, Harold Harvey, Shawn Shambaugh, Gena Volas, Susan Weaver, and Allan Lipton 



Purpose: An enzyme-linked immunosorbent assay 
(ELISA) for the extracellular domain of the c-erbB-2 onco- 
gene product was developed and evaluated to determine 
if soluble c-erb B- 2 could be detected in the serum and 
effusions of cancer patients. 

Patients and Methods : Sera from 208 previously un- 
treated or progressing cancer patients and 69 healthy 
controls were assayed in a double-antibody sandwich 
ELISA that used two monoclonal antibodies to the native 
extracellular domain of the c-erbB-2 receptor. Fisher's 
exact test was used to analyze the statistical significance 
of the frequency of elevated serum c-erbB-2 levels. Immu- 
noprecipitation and Western blotting were used to charac- 
terize further the c-erb B -2 immunoreactivity in the serum 
of four breast cancer patients. 

Results: Sera from 12 of 53 patients (23%) with meta- 
static or locally advanced breast cancer, zero of 69 
controls, one of 31 patients with ovarian cancer (3%), and 



two of 1 24 other cancer patients (2%) had soluble c-erbB-2 
values > to 5 U/mL. The number of breast cancer patients 
with elevated serum c-erbB-2 levels was significantly 
greater than that of the control group (P < .0001), the 
ovarian cancer group (P < .03), and the other cancers 
group (P < .0001). Also, two of five effusions (40%) from 
breast cancer patients had an elevated soluble c-erbB-2 
antigen level, compared with zero of 17 effusions from 
patients with benign diseases. Western blotting of four 
sera from breast cancer patients with elevated serum 
c-erbB-2 antigen levels produced bands of aporoxi- 
mately 105 kD that seemed to correlate in intensity with 
increasing ELISA serum levels. 

Conclusion : Serum c-erbB-2 levels are elevated in 
approximately one fourth of patients with locally ad- 
vanced or metastatic breast cancer. 

J Clin Oncol 10:1436-1443. & 1992 by American Society 
of Clinical Oncology, 



THE NEU ONCOGENE was first identified as the 
gene responsible for the transformation of NIH 
3T3 cells that were transfected with DNA from carcino- 
gen-induced rat neuroblastomas. 1 The human homolog 
of the rat neu oncogene (the c-erbB-2 [UER-2/neu] 
protooncogene) was discovered as a result of its substan- 
tial DNA homology to the epidermal growth factor 
(EGF) receptor. 2 The c-erbB-2 protein is a 185 kD 
transmembrane glycoprotein that contains an extracellu- 
lar ligand-binding domain and intracellular tyrosine 
kinase activity. 2 A 30 kD protein that binds to both the 
c-erbB-2 protein and the EGF receptor has been re- 
ported recently as a putative ligand for c-erbB-2? From 
irrimunohistochemical analysis, c-erbB-2 protein staining 
is observed only in low levels in the epithelial cells of 
most organs in normal human adults, and at slightly 
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higher levels in fetal tissue; the c-erbB-2 gene is not 
amplified in these tissues. 4 

Amplification of the c-erbB-2 gene and overexpres- 
sion of the protein was discovered in a human mammary 
carcinoma cell line. 5 Subsequently c-erbB-2 gene amplifi- 
cation was reported in 30% of primary human breast 
cancers. 6 A direct correlation between c-erbB-2 gene 
amplification and protein overcxpression in breast can- 
cer is known to exist, although in approximately 10% of 
cases, protein overexpression occurs without gene ampli- 
fication. 7 " 9 A survey of the literature shows that c-erbB-2 
gene amplification or protein overexpression occurs in 
approximately 10% to 40% of primary human breast 
cancers, 7 " 18 with an overall average of 20% from a 
combined total of almost 3,000 patients. 14 

Numerous studies have been performed to evaluate 
the prognostic significance of c-erbB-2 amplification in 
breast cancer. 14 In lymph node-positive breast cancer, 
some reports indicated a direct correlation between 
c-erbB-2 amplification or overexpression and poor sur- 
vival, 79 whereas others failed to establish this correla- 
tion. 1415 In lymph node-negative breast cancer patients, 
the results were also inconclusive. Some studies re- 
ported that c-erbB-2 amplification or overexpression was 
an indicator of poor prognosis, 10 " 12 whereas other re- 
ports again failed to corroborate these findings. 7 " 9,1415 A 
recent case-control investigation that invplved a large 
group of lymph node-negative patients (704 patients) 
reported that c-erbB-2 amplification statistically was a 
significant predictor of poor prognosis and was indepen- 
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dent of and had greater predictive power than most of 
the currently used prognostic factors, except tumor 
size. 16 

Amplification or overexpression of 'C-erbB-2 also oc- 
curred in ovarian, 719 lung, 20 and gastric carcinoma, 21 * 22 
and was correlated with a poor prognosis in all of these 
malignancies. 

The existence of soluble, or shed, forms of cell-surface 
transmembrane receptors increasingly has become a 
common phenomena. Soluble forms of the insulin, 23 
E JF, 24 interleukin-2 (IL-2), 25 and tumor necrosis fac- 
tor 26 receptors have been demonstrated in cell culture 
supernatants or in human serum. The quantitation of 
soluble IL-2 receptor levels by enzyme-linked immu- 
nosorbent assay (ELISA) in human serum has been 
shown lo correlate reliably with disease activity in 
autoimmune inflammatory disorders, transplantation 
rejection, and specific infectious disorders. It reflects 
tumor burden and response to therapy in human T 
lymphotropic retrovirus type I-associated adult T-cell 
leukemia and hairy cell leukemia. 25 A soluble immunore- 
active form of the c erbB-2 receptor has also been 
detected in the sera of nude mice, which bore SK-OV-3 
ovarian cancer or MDA-MB-361 breast cancer xe- 
nografts. These antigen levels correlated with both 
overexpression of the c-erbB-2 protein and increased 
tumor volume. 27 Increased levels of soluble c-erbB-2 
have also been reported in the serum of three of 12 
patients with breast cancer. 38 In this investigation, we 
report the presence of elevated levels of soluble c-erbB-2 
detected by ELISA in the serum of a much larger group 
of patients with advanced breast cancer, and the lack of 
elevated soluble c-erbB-2 serum levels in a wide variety 
of other malignancies. 

PATIENTS AND METHODS 

Subjects 

Serum c-erh B-2 levels were measured in 208 cancer patients (57 
men ami !51 women) who ranged trom 25 to Kf> years of age. Only 
patients with recently diagnosed but untreated cancer, or patients 
who had received previous treatment but had progression of 
disease at the time of drawing blood were selected for inclusion in 
this study. All other medical problems and medications were 
recorded. The clinical protocol was approved by the institutional 
review board and informed consent was obtained before venipunc- 
ture. The c-erbB-2 levels of effusions from 45 cancer patients and 
17 patients with benign diseases were also determined. 

Serum c-erbB-2 levels were also measured in ()9 healthy control 
individuals (27 men and 42 women) who ranged from 19 to 7fi years 
of age. 

Serum and Effusion Preparation 

For serum preparation, blood was drawn by forearm venipunc- 
ture and allowed to clot at room temperature for at least 1 hour 



before centrifugation. The blood tubes were then centrifuged at 
500 x g for 10 minutes at room temperature, and the supernatant 
serum was collected, aliquoted, and stored at -70°C. Effusions 
(ascites or pleural fluid) were aspirated into Vacutainer tubes 
(Terumo Medical Corp., Elkton, MD) with .5 mL of a 3.5% 
solution of sodium citrate per tube. The effusion tubes were first 
centrifuged at 500 x g for 10 minutes at 4°C, then the supernatant 
was again centrifuged at 4,400 x g for 10 minutes at 4°C. This 
supernatant was collected, aliquoted, and stored at -70°C 

Generation of Monoclonal Antibodies 

The monoclonal antibodies (MoAbs) selected for use in the 
double-antibody sandwich ELISA were generated by immuniza- 
tion of Balb/c mice with the human SK-BR-3 breast cancer cell line 
(TAb 259) or immunization with NIH 3T3 cells that were trans- 
fected with the full-length c-erbB-2 cDNA (TAb 257) as previously 
described. 27 Both MoAbs were of the immunoglobulin Gl (IgGl) 
isotype. Both MoAbs were reactive with the c-erbB-2 extracellular 
domain, which was purified from the conditioned medium of 
Chinese hamster ovary (CHO) cells that were transfected with the 
cDNA for the extracellular domain of the c-erb&-2 gene. 27 

The MoAb 36B7 used in the Western blot was generated by 
immunization of Balb/c mice with a plasma membrane preparation 
of NIH 3T3 cells that were transfected with the full length c-erbB-2 
cDNA (NIH 3T3-tr). 

c-evbB-2 Extracellular Domain 
Radioimmunoprecipitation 

The extracellular domain of c-erbB-2 was purified from CHO 
cells that were transfected with the c-erbB-2 extracellular domain 
cDNA as described. 27 Purified extracellular domain was radiola- 
beled by the lodogen method. TAb 259 or 257 were diluted in 
phosphate-buffered saline (PBS) with 0.5% bovine serum albumin 
(BSA) and 100 u,L of diluted MoAb was incubated with radiola- 
beled extracellular domain (50,000 cpm per tube) overnight at 
room temperature. Bound counts were precipitated with 1% goat 
antimouse Ig in 5% polyethylene glycol 6,000 and 100 u.L of 10% 
normal mouse serum. Tubes were centrifuged at 3,000 rpm for 15 
minutes, and radioactivity in the pellets was determined in a 
gamma counter. 

Cell Lines 

The human cell lines listed in Table 1 were obtained from the 
American Type Culture Collection (Rockville, MD) and were 
cultured and passaged as directed. 

Cell lysates were prepared by adding extraction buffer (.01 
mol/L sodium phosphate, .15 mol/L sodium chloride [NaCI], 1% 
Triton X-100, .5% sodium deoxycholate, 1% sodium dodecyl 
sulfate [SDS], and 1 mmol/L phenylmethylsulfonylfluoride [PMSF] 
at pH 7.2) to the cell pellet, vortexing, and incubating on ice for 15 
minutes. The cell lysates then were centrifuged at 10,000 x g for 10 
minutes at 2°C to 8°C, and the supernatant was removed for testing 
in the ELISA. 

c-erbB-2 ELISA 

c-trbB-2 levels in human samples were determined with a 
double-antibody sandwich ELISA. Microtiter plates were coated 
by the addition of 100 u.L per well of capture MoAb TAb 259 
(diluted to 1 ng/mL with Tris-EDTA-NaCl [TEN) buffer). The 
TEN buifer consisted of 0.05 mol/L Tris, 0.001 mol/L ethylenedi- 
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aminetetraacetic acid (EDTA), and 0.15 mol/L NaCI at pH 7.3. 
After a blocking step, the microliter plates were then dried and 
stored at 4°C before use. On the day the ELISA was run, the plate 
was equilibrated to room temperature, and 40 u.L of sample diluent 
(1.25% mouse serum in TEN buffer) was added to each well. 

Triplicate samples of the c-erbB-2 calibrators (10 pX) or dupli- 
cate samples (10 u,L) of the human serum or effusions were added 
to the wells. The c-erbB-2 calibrators that were used were the 
supernatant fluids from NIH 3T3-tr cells. Regarding the calibrator 
solutions, I U/mL was equal to 0.25 ng/mLof the more than 95% 
pure extracellular domain that was obtained from the transfected 
CHO cells. ..' 

Fifty microliters of MoAb TAb 257 conjugated to horseradish 
peroxidase (0.7 u-g/mL, diluted in TEN buffer that contained 1% 
BSA and 0.05% Tween 20) was added to each well. The plate was 
tapped gently to mix the reagents and then was incubated for 2 
hours at room temperature. The plate was aspirated and washed 
six times with TEN buffer that contained 0.05% Tween 20. The 
plate was incubated with a substrate solution of tetramethylbenzi- 
dine (TMB) and hydrogen peroxide for 10 minutes at room 
temperature. Substrate conversion was arrested by the addition of 
50 uX per well of 1 mol/L phosphoric acid. Substrate absorbance 
was determined at a test wavelength of 450 nm and a reference 
wavelength of 630 nm by an EL 312 microplate reader (Bio-Tek 
Instruments, Inc, Winooski, VT). Methodologic interassay preci- 
sion ranged from 6% to 8%. 

CEA, CA 549, and CA J 25 

Serum levels of carcinoembryonic antigen (CEA) and CA 549 
were determined with the Tandem-CEA and Tandem-R CA 549 
assay kits (Hybritech, Inc, San Diego, CA). Serum CA 125 levels 
were determined with the CA 125 radioimmunoassay kit (Amer- 
sham, Chicago, IL). 

Serum Immunoprecipitation and Western Blotting 

Sera from four cancer patients with substantially elevated serum 
c-erbB-2 antigen levels and sera from two cancer patients with 
normal serum c-erbB-2 antigen levels (determined by ELISA) wef t 
analyzed by immunoprecipitation and Western blotting. For immu- 
noprecipitation, 40 u-L of cancer patient serum was added to 1 .0 u.g 
- of TAb 259. Then 200 jiL of PBS was added, and the solution was 
incubated overnight at 4°C and mixed constantly. After the 
addition of 200 u.L of Avid-AL (Bioprobe International Inc, 
Tnstin, CA), the solution was incubated for 1 hour at room 
temperature and was mixed constantly. The immunoprecipitate 
was pelleted by centrifugation at 14,000 x g for 30 seconds. The 
Supernatant was aspirated, and the pellet was washed three times 
tjiy the addition of 1 mL of PBS that contained 0.05% Tween 20 
dPBS and Tween), vortexed, and centrifuged at 14,000 x g for 30 
seconds. 

For the Western blotting procedure, 60 uX of sample buffer 
(62.5 mmol/L Tris, 5% SDS, 10% glycerol, 0.001% bromphenol 
blue, and 2% dithiothreitol at pH 6.75) was added to the immuno- 
precipitated pellet and was boiled for 5 minutes. The solution then 
was loaded onto a 10% polyacrylamide gel, and electrophoresis was 
conducted at 60 mA under reducing conditions to minimize 
interference and distortion in the 100 to 200 kD region of the blot 
because of the intact IgG proteins. The proteins were transferred 
onto nitrocellulose (70 V for 2 hours at 4°C), and the blot was 
blocked with PBS-containing 5% nonfat milk with 0.05% Tween 20 
for 10 minutes. After it was rinsed in PBS and Tween, the blot was 



incubated with MoAb 36B7 (diluted to 2.5 u-g/mL in PBS- 
containing 1.0%. BSA and 0.05% Tween 20 [PBS, BSA, and 
Tween]) for 1 hour at room temperature. The blot was rinsed again 
in PBS and Tween and was incubated with peroxidase-conjugated 
AfhniPure rabbit antimouse IgG plus IgM (heavy and light chain 
specific; Jackson lmmunoresearch Laboratories, Inc, West Grove, 
PA) diluted 1:5,000 in PBS, BSA, and Tween. After it was rinsed, 
the blot was developed with TMB and hydrogen peroxide with 
membrane enhancer (Kirkegaard and Perry Laboratories, Gailhers- 
burg, MD). 

Statistical Methods 

The Fisher's exact test.was used to analyze the significance of the 
number of elevated serum c-erbB-2 levels in the breaq cancer 
group compared with the control group, ovarian cancer group, or 
the other cancers group (breast and ovarian cancer not included). 
Pearson correlation analysis was used to identify any linear 
correlation between c-erbB-2, CEA, CA 549, and CA 125 serum 
levels. All statistical tests were conducted by the Statistical Analy- 
sis System, 2g and a lvalue of ,05 or less was accepted as statistically 
significant. 

RESULTS 

c-erbB-2 Extracellular Domain 
Radioimmunoprecipitation 

The MoAb TAb 259 selected for use as the capture 
antibody in the double-antibody sandwich ELISA specif- 
ically reacted with the recombinant extracellular domain 
of c-erbB-2 as determined by immunoprecipitation of 
the radiolabeled protein (Fig 1). Anti-EGF receptor 
MoAb or other MoAbs with irrelevant specificities did 
not react with radiolabeled c-erbB-2 extracellular do- 
main (data not shown). A similar binding curve was 
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Fig 1. TAb 259 radioimmunoprecipitation of purified c-erbB-2 
extracellular domain. Radiolabeled c-erbB-2 extracellular domain 
was incubated with dilutions of TAb 259 and precipitated with goot 
antimouse Ig. Percent bound was calculated as (specific bound counts 
minus nonspecific bound counts/total counts minus nonspecific bound 
counts) x 100. 
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Table 1 . c-erbB-2 Protein Content of Human Cell Line 
Lysates by ELISA 



Cell Line 



Description 



Reactivity 



% C-erbB-2- 
Protein 



Cancer SK-BR-3 Breast adeno 

cell tines MDA-361 Breast adeno 

MDA-435P Breast adeno 

MCF-7 Breast adeno 

SK-OV-3 Ovarian adeno 

A43 1 Epidermoid CA 



LS174T 



Colon adeno 



COLO 205 Colon adeno 
SW620 Colon adeno 



Normal 
cell lines 



HT-29 

SK-MES 

HeLa 
HBL-100 
WI-38 
CCD18LU 



Colon adeno 

Lung squamous 

CA 
Cervical CA 
Normal breast 
Lung, diploid 
Lung, diploid 



High 
Medium 
Negative 
Negative 

(HMFG) 
High 
Negative 

(High EGFr) 
Negative 

(TAG 72) 
Negative 
Negative 

(high CEA) 
Negative 

(high ros) 
Negative 

Negative 
Negative 
Negative 
Negative 



.080 
.010 



.080 



obtained for TAb 257, the other MoAb used in the 
ELISA (data not shown). This combination of MoAbs 
previously was shown to produce excellent sandwich 
binding of immunoaffinity-purified extracellular domain 
from a panel of MoAbs generated to this domain of 
c-erbB-2. 21 These antibodies also immunoprecipitated 
the 185 kD c-erbB-2 protein from radiolabeled NIH 
3T3-tr cells, but did not immunoprecipitate the EGF 
receptor from radiolabeled A431 cells. 27 

ELISA Detection of c-tvbB-2 in Cell Lines 

The doublerantibody sandwich ELISA used in these 
experiments could detect reliably the presence of the 
c-erbB-2 protein above 3 U/mL (Fig 2). The specificity of 
the ELISA was determined by testing cell lysates from 
12 human tumor eel! lines and three normal human cell 
lines (Table 1). Cell lysates from those tumor cell lines 
that are known to overexpress the c-erbB-2 protein 
(SK-BR-3, MDA-361, and SK-OV-3) all showed substan- 
tial reactivity in the EL" SA. Cell lysates of other cell 
lines tested did not react in the ELISA including A431, 
which overexpressed the EGF receptor, MCF-7, which 
has a high content of human milk fat globule protein, 
and SW 620, which overexpressed CEA (Table 1). 

c-erbB-2 Levels in Cancer Patient Sera 

The serum c-erbB-2 levels from 69 healthy control 
individuals were all < 3.0 U/mL when tested in the 
ELISA (Fig 3). A critical step in the ELISA was the 
addition of mouse serum simultaneous with that of the 
patient or control serum samples. The mouse serum was 
added to eliminate a nonspecific binding activity that 
was obseived in a small percentage (4%) of the 69 
control sera when the ELISA was performed previously 
without the mouse serum (data not shown). In the group 
of 208 cancer patients, 12 of 53 patients (23%) with 
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c-erbB-2 (units/ml) 

Fig 2. Calibration curve of c-erbB-2 ELISA. Data are from one 
ELISA. Data points are the mean ± SD of the absorbance at 450 nm of 
3 to 4 wells per c-erbB-2 concentration. When no SD bars are visible, 
they are within the data point symbol; r, correlation coefficient. 



Abbreviations: adeno, adenocarcinoma; CA, carcinoma. 

, « « c-erbB-2 protein 

*% c-erbB-2 protein = — in the cell lysate. 

total protein ' 

advanced breast cancer (51 with metastatic and two with 
locally advanced breast cancer) had c-erbB-2 levels 
above an arbitrary reference cutoff level of 5 U/mL 
(Fig 3). 

One of 31 ovarian cancer patients (four with stage IV, 
22 with stage III, one with stage II, and four with stage I 
disease) had a serum c-erbB-2 level more than 5 U/mL. 
This patient had stage III serous ovarian cancer and a 
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Controls Breast Cancer Ovarian Cancer Other Cancers 

Etovatod / Total 0/69 - , t2/53 1/31 2/124 

HEtovatod OX Zi% 3% 2% 



Fig 3. Serum c-erbB-2 levels in 69 controls and 208 cancer 
patients. The number of elevated c-erbB-2 serum levels in the breast 
cancer patient group was significantly greater than that of the control 
group (P < .0001), the ovarian cancer group (P < .03), and the other 
cancers group (P < .0001). 



! 



1440 



LEITZEL ET AL 



serum c-erbB-2 level of 11.6 U/mL. There was no 
correlation between c-erbB-2 and CA 125 serum levels in 
23 ovarian cancer patients who had both values. Serum 
from a group of 124 patients with other types of cancer 
(breast and ovarian cancer not included), which was 
comprised of 75 cancers of epithelial origin, 29 sarco- 
mas, nine melanomas, seven lymphomas, three leuke- 
mias, and one germ cell tumor (teratoma), were also 
tested in the ELISA. Only two of 124 of these patients 
(2%) had elevated c-erbB-2 values. One male patient 
had a stage I lymphocytic lymphoma of the right orbit; 
he was the only patient who had an elevated serum 
c-erbB-2 level (13.4 U/mL) of a group of seven lym- 
phoma patients (14%). The other patient was a female 
with an immature teratoma (stage III) and a serum 
c-erbB-2 value of 7.8 U/mL. 

The number of breast cancer patients with an ele- 
vated serum c-erbB-2 level was significantly greater than 
that of the control group (P < .0001), the ovarian cancer 
group (P < .03), and the other cancers group (P < 
.0001). Partial x 2 analysis indicated that there was no 
significant difference, however, in the proportion of 
elevated c-erbB-2 serum levels between the control, 
other cancers, and ovarian cancer groups. A small 
number of breast cancer patients also had CEA and CA 
54? measurements from the same serum sample that was 
used in the c-erbB-2 ELISA. There was no linear 
correlation between c-erbB-2 and CEA levels (n = 14), 
or between c-erbB-2 and CA 549 levels (n = 7). 

Immunoprecipitation and Western Blot of Elevated Serum 
c-erbB-2 Samples 

Sera from four cancer patients with elevated serum 
c-erbB-2 levels were subjected to immunoprecipitation 
and Western blotting in an attempt to determine the 
molecular weight of the immunoreactive antigen ob- 
served in the c-erbB-2 ELISA. MoAb 36B7 was selected 
for Western blotting because of its excellent reactivity 
under reducing conditions. MoAb 36B7 did not react 
with the EGF receptor as was determined by ELISA and 
Western blotting of A431 cell lysate, nor did it react in 
Western blots with conditioned medium from nontrans- 
fected NIH 3T3 cells (data not shown). 

After immunoprecipitation and Western blotting, het- 
erogenous bands at approximately 105 kD were ob- 
served for all four breast cancer patients with elevated 
serum c-erbB-2 ELISA levels (Fig 4, lanes 2, 3, 6, and 7). 
No bands were observed in two breast cancer patients 
without elevation of serum c-erbB-2 (Fig 4, lanes 4 and 
5). A band of approximately 105 kD was also observed in 
the conditioned medium of NIH 3T3-tr cells (Fig 4, lane 
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Fig 4. Western blotting of breast cancer patient serum. Samples 
were immunoprecipitated and Western blotted as previously de- 
scribed. Lane 1 is the conditioned medium of NIH 3T3 cells tronsfected 
with the full-length c-erbB-2 cDNA. Lanes 2 to 7 are the sera of six 
different breast cancer patients with ELISA serum c-erbB-2 levels 
shown below each lane. 



1). The breast cancer patient serum with the highest 
serum c-erbB-2 level (194 U/mL) also seemed to have 
the most intense 105 kD band (Fig <J, lane 2). 

Effusion c-cxbB-2 Levels 

The c-erbB-2 levels of effusions from 45 cancer pa- 
tients and from 17 patients with benign diseases (nine 
with congestive heart failure, five with liver cirmosis, 
and one each with peptic ulcer, uremia, and cardiomyop- 
athy) were also determined in the ELISA (Fig 5). The 
benign effusions had a c-erbB-2 range of 0 to 3.9 U/mL. 
The 45 cancer patients with effusions included 39 with 
cancers of epithelial origin, three lymphomas, two mela- 
nomas, and one sarcoma. Four of the 45 cancer patients 
(9%) had c-erbB-2 effusion levels more than 3.9 U/mL 
(Fig 5). Of these four elevated effusions, two were from 
a total of five breast cancer patients (100, 53 U/mL), one 
of two gastric cancer patients (200 U/mL), and one of 
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Fig 5. Soluble c-erbB-2 levels In 17 benign and 45 malignant 
effusions. 



two cervical cancer patients (128 U/mL). None of 14 
ovarian cancer patients (four stage IV, 10 stage IK) had 
c-erbB-2 effusion levels more than 3.9 U/mL. 

One of the two breast cancer patients who had 
elevated effusion c-erbB-2 levels (from the total of five 
breast cancer patients) had a serum sample drawn the 
day after the pleural fluid sample. The pleural fluid 
soluble c-erbB-2 level was 100 U/mL, and the serum 
sample was 88 U/mL. Western blotting of this patient's 
serum showed a band at 100 to 105 kD (Fig 4, lane 6). At 
the time of serum and pleural fluid collection, this 
patient had breast adenocarcinoma that had metasta- 
sized to soft tissue and bone; she progressed rapidly 
despite chemotherapy. Thus, in the only matched serum 
and effusion sample tested, there were soluble c-erbB-2 
elevations in both fluids. 

DISCUSSION 

In this study, a double-antibody sandwich ELISA that 
used MoAbs that were reactive with the extracellular 
domain of the c-erbB-2 receptor demonstrated increased 
serum levels of a soluble form of the c~erbB-2 receptor in 
a portion (23%) of patients with advanced breast cancer. 
The serum levels of soluble c-erbB-2 were uniformly low 
in the control group of 69 healthy individuals. Elevated 
serum c-erbB-2 levels were observed in only one of 31 
ovarian cancer patients (3%) and in only two of 124 
patients (2%) with other cancers (breast and ovarian 
cancer not included). Also, two of five effusions from 
metastatic breast cancer patients (40%) had an elevated 
soluble c-erbB-2 level. Our results confirm and signifi- 
cantly expand the initial observation that a soluble 
derivative of the c-erbB-2 receptor can be found in the 



serum of a proportion of breast cancer patients. 28 Our 
results are also similar to the recent publication of 
Carney et al 30 who reported evaluations of soluble 
c-erbB-2 in the plasma of 24 of 105 patients (23%) with 
metastatic breast cancer. We further show that elevated 
serum c-erbB-2 rarely is found in other malignancies. 

Immunoprecipitation and Western blot analysis of the 
elevated serum c-erbB-2 immunoreactivity observed in 
four breast cancer patients in our ELISA produced 
bands of approximately 105 kD. No bands were ob- 
served in two breast cancer patients with normal serum 
c-erbB-2 levels. This estimated molecular weight was 
similar to the 110 kD c-erbB-2 gene product-related 
protein 31 and the 105 kD extracellular domain of c-erbB- 
2 32 that have been reported in the conditioned medium 
of the SK-BR-3 human breast carcinoma cell line, and 
the 130 kD soluble c-erbB-2-related protein released 
from the BT474 human breast carcinoma cell line. 33 The 
105 kD size of our c-erbB-2 immunoreactive protein in 
the serum of breast cancer patients also is close to the 
97-115 kD band recently reported in the plasma of 
breast cancer patients, 30 and is also close to the pre- 
dicted molecular weight of 118 kD calculated for the 
c-erbB-2 extracellular domain based on the gene se- 
quence. 32 

The mechanism of release of soluble truncated 
c-erbB-2 receptor remains controversial. Soluble c- 
erbB-2 could be produced by posttranslational process- 
ing of the full-length c-erbB-2 gene, which includes 
cell-surface proteolysis that is similar to that suggested 
for the soluble IL-2 receptor 25 and the soluble TNF 
receptor. 26 Alternately, differential splicing and subse- 
quent production of a soluble c-erbB-2 extracellular 
domain from a smaller transcript could occur. One study 
that used SK-BR-3 cells reported the expression of the 
full-length 5.0 kb c-erbB-2 transcript and a smaller 2.8 
kb, which hybridized only to extracellular c-erbB-2 
probes. 31 Another report failed to detect an alternate 
c-erbB-2 transcript and proposed that the soluble extra- 
cellular c-erbB-2 domain was released from the surface 
of SK-BR-3 cells by proteolysis, as supported by pulse- 
chase analysis. 32 In addition to proteolysis or alternative 
splicing, gene rearrangement could produce a truncated 
c-erbB-2 product, but no evidence for this has been 
shown to date. 

The physiologic function of soluble extracellular 
c-erbB-2 is not known, but it could serve potentially as 
(l)an antagonist of normal cell-surface receptor-ligand 
interaction, (2) a carrier for the transportation, shield- 
ing, or destruction of c-erbB-2 ligand, or (3) a nonfunc- 
tional by product of normal proteolytic action. An 
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interesting proposal related to this third possibility is 
that proteolysis is likely to be important in the normal 
process of receptor down-regulation. 32 Also, as sug- 
gested, the remaining cell-associated cleavage product 
that is composed of the transmembrane and cytoplasmic 
domains could represent an oncogenic form of the 
c-erbB-2 receptor tyrosine kinase. Transformation could 
then occur by a proportional increase in the absolute 
number of truncated receptors caused by the proteolysis 
of overexpressed c-erbB-2 receptors on the tumor cell 
surface. 

The lack of elevated serum c-erbB-2 in 30 of 31 
ovarian cancer patients may have several explanations. 
First, our sample size may have been too small, and we 
may not have accrued enough patients with c-erbB-2- 
positive tumor cells to reach the 30% of ovarian cancer 
patients who have been shown to overexpress c-erbB- 
2. 719 The immunohistochemical staining of these ovar- 
ian tumors for c-erbB-2 addresses this question; these 
studies are in progress for the ovarian and breast tumors 
reported. Second, it is possible that the putative pro- 
tease^) that may release the extracellular domain of 



c-erbB-2 in breast cancer cells may not be present or 
active in ovarian tissue, or alternative splicing of the full 
length c-erbB-2 transcript may not occur. 

There is a great need for more definitive serum 
markers for use in the detection, management, and 
response to treatment in breast cancer. Although other 
breast cancer serum markers such as CEA, CA 549, and 
CA 15-3 are sometimes used in clinical practice, they do 
not always reflect the extent of disease and prognosis in 
patients. A marker that would parallel more closely the 
clinical status of the patient clearly would be of great 
benefit. The critical role that the c-crbB-2 receptor plays 
in oncogenesis, combined with our results that show that 
23% of patients with metastatic breast cancer have 
elevated serum levels of c-erbB-2, support the conclu- 
sion that serum c-erbB-2 levels deserve continued inten- 
sive study as a potential marker in breast cancer. 
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The complete 1,210-amino acid sequence of the human epidermal growth factor (EGF) receptor precursor, deduced from 
cDNA clones derived from placental and A43I carcinoma cells, reveals close similarity between the entire predicted v-erb-t 
mRNA oncogene product and the receptor transmembrane and cytoplasmic domains. A single transmembrane region of 2: 
amino acids separates the extracellular EGF binding and cytoplasmic domains. The receptor gene is amplified and apparent 
rearranged in A431 cells, generating a truncated 2.8-kilobase mRNA which encodes only the extracellular EGF bind\n\ 
domain. i 



Epidermal growth factor (EGF), a potent mitogenic polypep- 
tide, initiates cellular responses by binding to specific receptors 
on the surface of target cells (for reviews see refs 1, 2). Like 
several other growth factors, the binding of EGF to its cell 
surface receptor triggers a cascade of intracellular events, includ- 
ing induction of a tyrosine kinase activity intrinsic to the EGF 
receptor 1 ' 5 . Shortly after binding, the EGF-receptor complexes 
are localized in clathrin-coated regions of the plasma membrane 
and are then internalized by the cell. 6,7 . 

How these events lead to the stimulation of DNA synthesis 
and cellular proliferation are unknown. The recent observation 
that the receptors for platelet-derived growth factor (PDGF) 8,9 , 
insulin 1 "-" and insulin-like growth factor (IGF-I) 12 , are also 
tyrosine-specific protein kinases suggested that tyrosine phos- 
phorylation might be an important early step in triggering pro- 
liferation. The tyrosine-specific protein kinase activity of several 
retroviral transforming proteins (reviewed in ref. 13) has led 
many workers to search for a connection between growth factor 
receptors and transforming proteins. In their analysis of partial 
protein sequences, Downward et a/. 14 demonstrated close simi- 
larity between the EGF receptor and the avian erythroblastosis 
virus (AEV) \-erb-B transforming protein 15 ; evidence was pre- 
sented suggesting that the viral transforming protein contained 
only the transmembrane and tyrosine kinase domains of the 
avian EGF receptor, and lacked most of the extracellular domain 
responsible for EGF binding. It was proposed that transforma- 
tion of cells by AEV was the result, at least in part, of expression 
of a truncated EGF receptor molecule lacking the extracellular 
control domain 14 . 

We have now investigated EGF receptor expression in pla- 
cental and A431 carcinoma cells 16 . A431 cells were chosen 
because they show two unusual features. First, they possess 
about 10-50 times more EGF receptors on their surface than 
most other cell types 1617 . These high EGF receptor levels seem 
to be associated with the presence of a chromosomal transloca- 
tion (M4) involving chromosome seven 18 . Second, their 
mitogenic response to EGF does not correlate with their 
increased EGF binding capacity. Thus while low concentrations 



of EGF stimulate their proliferation, EGF concentration! 
mitogenic for many cell lines inhibit proliferation of A43I 
cells 19,20 . It was therefore of great interest to investigate the 
genetic basis for the unusual features of this tumour cell line. 

The complete amino acid sequence derived from human EGF 
receptor cDNAs from placental and A431 cells confirms the 
findings of Downward et a/. 14 , and matches partial amino acic 
sequences obtained from purified placental and A431 cell EGF 
receptor protein. Our findings also demonstrate that the EGF 
receptor gene is amplified in A431 cells. Furthermore, wt 
describe the detection of an aberrant A431 -specific chimaeric 
mRNA molecule which consists of a fragment of EGF receptor 
coding sequences recombined with sequences of unknown origin 
and function. This aberrant mRNA encodes only the external 
EGF binding domain of the receptor and lacks sequences whicb 
would encode the transmembrane and cytoplasmic domains 
Expression of a truncated domain similar to the erb-B polypep- 
tide found in AEV transformed cells 14 was not detected but in 
existence at low concentrations cannot be excluded. 

Partial amino acid sequence 

Receptor purified by immunoaffinity chromatography followed 
by gel permeation HPLC in guanidine after reduction and 
alkylation to cleave disulphide bonds was digested with trypsin 
and the peptides fractionated by preparative reverse-phase 
HPLC 14 . The purification and partial sequence analysis data of 
these peptides are shown in Fig. 1. The amino-terminal sequence 
of the intact receptor was deduced for a short stretch of 8 residue* 
(see Fig. 1 v). These partial amino acid sequences were found to 
be identical (apart from 2 residues) to those subsequently estab- 
lished by nucleotide sequencing of cDNA. 

EGF receptor cDNA clones 

Oligo(dT)-primed cDNA libraries were prepared from mRNA* 
derived from human placental tissue and epidermoid carcinoma 
(A431)cells using the A gt 10 vector system 21 . As analysis of EGF 
receptor biosynthesis in A43I cells had suggested a polypeptide 
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Fig. I EGF receptor 
peptide sequence analysis. 
a-K Purification of pep- 
tides from the EGF recep- 
tor for sequence analysis. 
EG F receptor was purified 
from human placenta (a, 
b) or A43 1 human epider- 
moid carcinoma cells (c- 
h) using monoclonal anti- 
body Rl (ref. 42); it was 
then fully reduced and 
alkylated, run on a gel per- 
meation column, digested 
with trypsin and the 
t resulting peptides frac- 
tionated by reverse-phase 
HPLC at pH 2.0, as 
described previously 14 . 
Fractions corresponding 
to optical density peaks in 
the first reverse-phase 
separation were further 
purified by reverse-phase 
HPLC on a Synchropak 
RPP C, 8 column (4.6 x 
75 mm; Synchrom, Lin- 
den, Indiana) equilibrated 
in 10 mM ammonium 
acetate buffer, pH 6.5. A 
linear gradient of 0-45% 
acetonitrile over 45 min 
was used to elute peptides, 
flow rate I ml min _t . 
The absorbance of the 
eluate was monitored at 
206 nm and 0.5 ml frac- 
tions were collected. The 
figure shows the resulting 
chromatograms when the 
following fractions from 
the pH 2.0 fractionation 
were run: a, tryptic pep- 
tides from the placental 
EGF receptor eluting at 
19% acetonitrile; 6, pla- 
cental peptides eluting at 
22% acetonitrile; c, tryptic 
peptides from the A43I 
cell EGF receptor eluting 
at 21% acetonitrile; d-K 
A43I peptides eluting at 
18, 24, 26, 28 and 22% 
acetonitrile, respectively. 
Mi, Sequence analysis 
of peptides from the 
EGF receptor. Sequence 
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aabone of molecular weight (M W) - 138,000 (ref. 22), at least 
WOO base pairs (bp) of coding sequence would be required 
lhus a s,ZIn 8 sle P w as introduced to enrich for cDNA molecules 
greater than 2,000 bp long. For screening purposes a 5 1 bp-long 
UNA hybridization probe (Fig. la) was designed and synthe- 
M f ed " on the basis of a preliminary partial amino acid sequence 
1rD^ 43 i4 EGF rece P tor ^anogen bromide (CNBr) peptide 
^■RC. 1 ) . Previous studies have shown that the use of a single 
ong probe for clone screening under conditions of low strin- 
gy is often superior to the more commonly used technique 
"ucn involves screening with pools of short oligonucleotide 

'niiial screening of the placental cDNA library (2 x 10 5 clones) 



yielded seven distinct positive clones as judged by EcoRl restric- 
tion endonuclease mapping and Southern hybridization 27 with 
our synthetic probe. The longest fragment (1.4 kilobases, kb) of 
clone A HER-P3 was sequenced using the dideoxynucleotide 
chain termination procedure-*- 3 ". The resulting sequence con- 
firmed the presence of a region of similarity with our probe 
which, despite two errors in the preliminary determination of the 
amino terminus of the CNBr peptide, differed at only five 
positions from the sequence of the cloned cDNA (Fig. 2a c) A 
second sequence analysis of this peptide gave the amino- 
term.nal sequence Gly-Asp- (see ref. 14) and reinspection of 
these data revealed a trace of PTH-Asp at step 1 supporting the 
sequence found in analysis of cDNA clones. Comparison of the 
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Fig. 2 EGF receptor cDNA nuclei 
-sequence and predicted amino 
sequence, a. The nucleotide sequence 
probes based on the amino acid sequen - 
of a CNBr peptide of A43 1 EGF recep:J t ' 
The initial amino acid residue u 4 . 
assumed to be methionine since the pe F 
tide was gene rated by cyanogen bron tt( j : 
cleavage' The DNA sequence was dest ( . 
ned on the basis of published coder i,:^ t 
frequencies 57 . Two overlapping JO 
residue-long oligonucleotides (unde<- 
a lined) from coding and non-codin; 
strands were chemically synthesized' 1 ', e. 
Schematic representation of human EGF 
receptor cDNA clones. Overlaopipf 
clones from placenta ("P") and Mil 
CA") epidermoid carcinoma cells used i.i 
sequence determination and a schemati: 
diagram of the complete cDNA struciur:. 
Untranslated sequences are representee 
by a line, coding sequences are boxed. Tie 
white portion represents sequences which 
encode the signal peptide; hatched region* 
code for the mature receptor, dark hatched 
regions are high in cysteine, residues (see 
text). The black region demarcates Ost 
coding region for the putative transmem- 
brane domain. Black boxes on the 3' ends 
of A clones indicate that these clones were 
obtained by specific priming (complemen- 
tary sequence at positions 757-7S0). r. 
Nucleotide and predicted amino acid 
sequence of EGF receptor. Nucleotides 
are numbered at the right ; amino acids arc 
numbered throughout. Peptide sequences 
derived from purified receptor prepar- 
ations are underlined and labelled accord- 
ing to Fig. l(i-u). The peptide underlined 
with a broken line, was that used to design 
a long synthetic DNA probe (see Fig. 2ai 
Sites of potential asparagine-linked gly* 
cosylation are overlined; the putative 
transmembrane region is demarcated by i 
black bar. the AATAAA box close to the 
polyadenylated 3' end of the mRNA U 
underlined. 

Methods: a. The probe was radiolabeled 
by first phosphorylating the synthetic 30- 
mers using T4 polynucleotide kinase (PL 
Biochemicals) and [y- 32 P]ATP (Anicr- 
sham, >5,0O0Ci mmol" 1 ) followed by 
annealing the kinased single strands and 
filling in the complementary sequences 
using Escherichia coli DNA polymerase I 
(KJenow fragment) with [a>P]dCTPand 
[ar- 32 P]dATP (Amersham) yielding 
probes of 5xi0 8 c.p.m. per u.g specific 
activity. Hybridization was carried out in 
conditions published elsewhere 2 * Filter* 
were washed at 45 T with 0.2 xSSC.0.1% 
SDS. Asterisks denote nucleotides of the 
synthetic probe which did not match the 
sequence of the isolated clone, b. Cyto- 
plasmic mRNA from total human term 
placental tissue and A43I cells were iso- 
lated in the presence of RNase inhibitor? 
following standard protocols 58 . cDNA 
synthesis 59 , cloning into a A vector 
(AgtlO) 2 '. and plaque screening * er * 
carried out according to published pro- 
cedures, c, Nucleotide sequence analysis 
was carried out by subcloning suitable 
restriction fragments from our recom- 
binant A clones into M13-based cloning 
vector (MI3mpl0 and MI3mpN : °) 
lowed by primed DNA synthesis on single- 
stranded DNA templates in the pr**Jf 
of dideoxynucleoside triphosphates' * 



[Hi 



corr 
nuc 
cod 
foil 
abl 
strc 
i 

5 I . 



NATURH VOL. 30^ 31 MAY I *M 



ARTICLES 



• pre>encc 
latcs 



HER 536 PECLPOA>WITCTGRGPONcflOCAHYIOGPHCVKrC?AGVMGENNTLVW)cyADAGHVCHL 
pC F A LOR NA 0 



HER 596 CHPNCTYGCTGPGLEGCPTNGPKIPSjlATGMVGALLLLL'/VALGIGLF^RRHIVRKRTL 

vhtA-a " < -st I a v g c v G yl| 

HER 656 RRLL0ERELVEPLTPSGEAPNQALLR1LKETEFKKIKVLGSGAFGTVYKGLWIPEGEKVK 
v-erb-B H v I 

******* * * 

HER 716 IPVAIKELREATSPKANKE ILDEAYVMASVONPHVCRLLGICLTSTVOL I TQLMPFGCLL 
v-erb-B Y 

* ***** **** * * ** * *** 

HER 776 OYVREHKDNIGSOYLLNUCVOIAKGMNYLEDRRLVHROLAARNVLVKTPOHVKITDFGLA 
v-erb-B I E 

^ ****** ***** * * * ** 

HER 836 KLLGAEEKEYHAEGGKVPIKWMALESILHRI YTHQSOVWSYGVTVWELMTFGSKPYDGIP 
v-erb-B D 

***** *** *** 

HER 896 ASE ISSILEKGERLPQPPICTI 0VYMIMVKCUMIDA05RPKFRELI IEFSKMARDPQRYL 
v-erb-B V A P 



HER 956 VIQGDERMHLPSPTOSNFYRALMDEEOMDDVVOADEYL IPQ0GFFSSPSTSRTPLL55LS 
v-erb-B K T E EI V H N 



HER 1016 
v-erb-B 



ATSNNSTVACIORNGLOSCPIKEOSFLORYSSDPTGALTEOSIDDTFLPVPEYINOSVPK 
ATN - GH VR V NFL E G A V LM 



HER 1076 RPAG-SVQNPVYHNQPLNPAPSR OPHYQDPHSTAVGNPEYLNTVQPTCVNSTFOSPA 

v-erb-B K ST AM 01 - FISLT I KLPM SR NS D N SPLAKTV E SP 



HER 1132 HWAQKGSHQI SLDNPDYQQDFFPKEAKPNGIFKGSTAENAEYLRVAPQSSEFIGA 
v-erb-B Y I S N N L JSCS 

Fig. 3 Comparison of EG F receptor with v-erb-B predicted amino 
acid sequences. Only non-matching amino acids are shown for 
\-erb-B. The bracket on the first line indicates the start of the 
\-erb-B sequence 15 . The putative transmembrane region is boxed; 
the arrow demarcates the autophosphorylated tyrosine residue in 
pp60 src (ref. 61). Asterisks indicate residues conserved between the 
receptor sequence arid several members of the src gene family (src, 
fes, yes, fps). Hyphens (gaps) have been introduced for optimal 
alignment. The C-terminal tetrapeptide of the v-erb-B sequence 
derived from the AEV env gene is underlined 15 . 



complete sequence of the 2.3-kb cDNA clone A HER-P3 with the 
nucleotide sequence of the oncogene v-erb-B* 5 showed that it 
coded for 243 carboxy-terminal amino acids of the receptor 
Ibllovyed by a termination codon and about 1,600 bp of presum- 
ably 3'-untranslated sequences lacking a poly(A) homopolymer 
stretch (see Fig. 26). 

Using the 1.4 kb EcoRl fragment of A HER-P3 as a probe, 
21 clones were isolated from an A431 cDNA library and charac- 
terized by EcoRl restriction analysis. Clones AHER-A62 and 
AHER-A64 were found to contain overlapping DNA fragments, 
which together spanned a stretch of 5.2 kb (Fig. 2b) of DNA. 
Complete sequence analysis revealed an open reading frame 
coding for 1,186 amino acid residues, including carboxy- 
terminal sequences identical to AHER-P3 and very similar to 
\-erb-B transforming protein. Clone AHER-A62 was found to 
contain the complete 3'-untranslated region (1,913 bp), as evi- 
denced by the presence of an AATAAA sequence 31 followed 
by a poly(A) tail 15 nucleotides downstream. . 

The amino acid sequences of 13 tryptic peptides as well as 
those of the 6 previously reported 14 were located within the 
predicted amino acid sequence (see Figs 1, 2c). Only two differ- 
ences were detected between the 230 amino acid residues deter- 
mined by peptide sequencing and those derived from analysis 
of the cloned cDNA (Cys as opposed to His at position 133). 
Reinspection of amino acid sequencing data revealed a failure 
to distinguish between Cys and His in peptide EGRT.8 and to 
assign amino-terminal Asp in peptide EGRC.l. Remarkably, 
clone AHER-A64 starts with a nucleotide sequence encoding 
the amino acid sequence NH : -Leu-Glu-Gly-Lys-Lys, which is 
identical to the amino-terminal sequence of the A431 receptor 
polypeptide (see Figs 1 1\ 2c). 
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5.8 — 
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Fig. 4 Northern blot analysis of cytoplasmic placental and A431 
mRNAs. Lanes a and d, placental mRNA; b and e, A43I mRNA; 
c and / mRNA from a second, independently passaged line of 
A43I cells. Dashed lines indicate the regions of the schematically 
depicted cDNA giving rise to the hybridization patterns shown. 
Numbers on the left and right indicate sizes (in kb) of major mRNA 
bands. Roman numerals denote £coRI fragments used as hybridiz- 
ation probes (see below). 

Methods: A431 cells were grown in Dulbecco's modified Eagle's 
medium containing 10% fetal calf serum in an atmosphere of 10% 
CO 2 -90% air at 37 °C. Cytoplasmic mRNA isolated from frozen 
placental tissue after pulverization in liquid N 2 and from fresh 
A43I cells ih was separated (2 ^g per lane) on 1% agarose formal- 
dehyde gels and transferred to nitrocellulose filters as described 
by Lehrach et a/. 36 . Rat liver ribosomal RNA (I8S = 1,874 nucleo- 
tides; 28S = 4,7I8 nucleotides; I. Wool, personal communication) 
and 42S vesicular stomatitis virus RNA (—12 kb) were used as 
size markers. Nitrocellulose filters were hybridized under high- 
stringency conditions with radiolabeled EcoRl fragments (I = 
293 bp; II = 1,838 bp; III = 768 bp; IV= 1,373 bp; V = 432bp) 
derived from clones A HER-A62 and A HER-A64. 

In order to obtain missing sequences upstream from those 
which encode the amino-terminus of the mature protein, an 
A43I cDNA library generated by priming with a 24 nucleotide- 
long synthetic oligomer (see Fig. 2 legend) was screened with 
the 5'-most EcoRl fragment of AHER-A64. Clone AHER-A21 
perfectly matched the sequence of AHER-A64 and extended it 
260 bp further upstream. The new sequence contained coding 
information for an additional 24 predominantly hydrophobic 
amino acids, including the presumptive initiator methionine. 
This sequence probably represents the EGF receptor signal 
peptide which is necessary for transfer of the nascent polypep- 
tide into the lumen of the endoplasmic reticulum. Basic and 
polar amino acid residues flank the hydrophobic core of the 
amino-terminal 24-amino acid sequence, a common structural 
feature of signal peptides. Furthermore, within the 186 bp of 
5'-untranslated sequence, an in-frame termination codon is 
located 36 nucleotides upstream (Fig. 2c), supporting the assign- 
ment of residue -24 as the initiation methionine of the 1,210 
amino acid-long EGF receptor precursor polypeptide. Placental 
EGF receptor clones were generated in an analogous priming 
experiment. Clone AHER-P13 (Fig. 2b) was characterized and 
matched perfectly the sequence of A HER-A21. These data show 
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Fig. 5 Structure of an 
A43I cell- specific cDNA 
variant, a. Schematic map 
of normal (top) and 
variant (bottom) cDNA. 
The solid box represents 
transmembrane sequen- 
ces. The black line in the 
variant cDNA clone 
A HER-A109 represents 
the region of identity with 
the normal EGF receptor 
sequence; the cross- 
hatched box represents a 
region of unknown origin. 
~\ Poly (A) tails. h % North- 
ern blot analysis using a 

probe derived from the , lt i, ww ,,i, MI iti«t.Mflu«ibn.«biw,«cniAAACATGCflGGGGCGTGT 

TvS°cDNA If 0 " ™ CWSTT6TTrTGWMTWHmTG ^^^ 

A HER-A109? A 260°bp GreCIGAMATAMGAWGAGTTT ™^ 

Hpa 1-EcoRl fragment GGCAIGCnMACrGTA ^ TGMTC ^ GT ^ 

Zh, 1 ^?,^ radi ° aC, ir i e ^^^^^^^^^'^CCAAGTTTMTAAATTAGGCCTCCCGACCCTTTGCTCTGTTTGCTTTATCAACTCTACTCGGCWTMCAATAAAAGACTCCAGGTGSTGTATTTGGAGTGGCTTACTG polv* 

proDe (lu c. p.m. ^g ). ■ 

u B ^le%undrrd/ 0 No 7 h h h S H ZeS 1 0f ""^h* ^ ^ kb 285 (4JI8 n »*otides> and .85 (1,874 nucleotides, ribosoma. RNAs were 
^ HERAm ^ J^^TTn^ h 3 P T" el eXPerimem WUh P ' aCemal mRNA ' C " Nucleo,ide s ^ uence of cloned DNA 
non homologous 3' 25 '* Sh ° Wn ' '° gether W " h ^ jUnCti ° n ° f ^ ^o S y to EGF receptor cDNA and the entire 



rl-rrrrrrr ys pr OThrAsnGlySerTyrI1eV«lSerHlsPheProArgSerPheTypLysMetSerVa1Hi $£nd 

GCGCTCTGC GMGGCTGTCCAACGAATGGAAGCTACATAGTGTCTCACTTTCCAAGATCATTCTACAAGATGTCAGTGCACTGAAACATGCAG 



that both placental and A43 1 receptors are not synthesized as 
larger precursor molecules aside from the signal peptide; the 
unmodified precursor and mature polypeptides have predicted 
molecular weights of 134,300 and 131,360, respectively. These 
values are in good agreement with the molecular weight 
(138,000) determined for EGF receptor synthesized in tunicamy- 
occur" tCd A431 061151 WherC N " linked g ivcos y |ation d °es not 

Human EGF receptor/v-erft-B homology 

Partial amino acid sequence analysis of peptides obtained from 
placental and A43 1 cell EGF receptor preparations had demon- 
strated that the EGF receptor matches, in part, the amino acid 
sequence of the product of the v-erb-B oncogene from avian 
erythroblastosis virus (AEV-H 14,15 ). Availability of the complete 
EGF receptor sequence derived from cloned cDNA now permits 
a detailed sequence comparison. Figure 3 shows an alignment 
of the 604 residue-long v-erb-B sequence" with 631 carboxy- 
terminal amino acids of the human EGF receptor. Extensive 
amino acid sequence homology is detected over a 376 residue- 
long core region, beginning at the cytoplasmic junction with the 
transmembrane domain present in both sequences; 95% of the 
residues in this region are conserved, which is highly significant 
considering the evolutionary distance between birds and 
humans, and therefore probably represent sequences essential 
for the function of this domain. A 244 residue-long stretch within 
this region contains 60 residues (24.6%) which are conserved in 
other oncogenes of the sre gene family (for clarity, only sre, fes, 
yes and fps are shown in Fig. 3) 32 . These include the tyrosine 
which is the substrate for the autophosphorylation reaction of 
pp60 irc (refs 33, 34; Fig. 3). The equivalent region of the EGF 
receptor also retains the amino acid residues thought to be 
involved in the formation of an ATP binding site 3215 . The extent 
of the sequence conservation is reduced in sequences flanking 
this 376-amino acid core region until, at residue 600, the v-erb-B 
sequence is fused to the carboxy-terminal tetrapeptide of the 
AEV env protein 15 . The EGF receptor sequence continues from 
the point of divergence at the 3' end for another 32 amino acids. 
In the light of the sequence identity in the putative tyrosine 
specific kinase domain, it is surprising that the erb-B transform- 
ing protein has not been shown to possess kinase activity. This 
may reflect technical difficulties or could indicate that the car- 
boxy-terminal region, in which there is less similarity between 
the sequences, may be important for expression of the EGF 
receptor kinase activity. The complete sequence further sub- 



stantiates the hypothesis that \-erb-B oncogene sequences origi- 
nated from cellular sequences which encode the av^an EGF 
receptor 4 . As the nucleotide and hence the amino acid sequence 
of the avian EGF receptor is unknown, the relevance of par- 
ticular amino acid differences between the human receptor and 
avian oncogene sequences to the transforming function of the 
virus remains unclear. The extent of similarity further supports 
our previous suggestion 14 that other oncogene products that have 
regions of amino acid sequence similar to v-erb-B and the EGF 
receptor, which form a group known as the sre gene family, may 
be derived from cellular sequences encoding other receptors 
having tyrosine kinase activities such as the PDGF, IGF-I and 
insulin receptors. 

Receptor-related mRNAs 

To determine the size of the mRNA encoding the EGF receptor, 
Northern blot hybridization 36 experiments were done using cyto- 
plasmic mRNA isolated from term plaoenta and from two 
independently propagated lines of A431 cells. The RNA prepar 
ations were probed with various segments of the cloned EGF 
receptor cDNA. Figure 4 shows that different patterns of 
hybridization were obtained with probes derived from sequences 
coding for the 5'-untranslated region and the extracellular 
domain as compared with probes derived from the cytoplasmic 
domain and the 3'-untransIated regions. In all experiments, two 
transcripts of 5.8 and 10.5 kb were detected in both A43I and 
placental RNA preparations, however the relative amounts of 
the transcripts differed between placenta and A431 cells, as well 
as between the two lines of A431 cells. Similarly, two transcripts 
of 12 and 9 kb have been detected in normal chicken embryo 
mRNA using v-erb-B probes 37 . These two transcripts could 
result from transcription of two closely related genes, or, alterna- 
tively, represent transcripts of different length from the same 
gene. Transcription of the mouse a-amylase and dihydrofolate 
reductase genes, for example, involves usage of multiple poly- 
(A) addition sites, generating mRNAs of variable lengths from 
a single gene 38 39 Alternatively, variable splicing events could 
generate two mRNAs, perhaps with different function, from a 
single gene 40 * 41 . The variation in the relative levels of the two 
transcripts in placenta and the two A43I cell lines suggests that 
some specific mechanism may regulate their relative abundance 
depending on cell type, physiological condition or develop- 
mental state. Further experiments are needed to elucidate this 
phenomenon. 

Probe* derived from the 5' half of the cDNA hybridize to a 
2.8-kh mRNA present only in A43I cells. Compared with the 
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Fig. 6 Southern blot analysis of A43 1 (a) 
versus placental (6) DNA. High- 
molecular weight chromosomal DNA was 
isolated as described 58 . DNA (lO^g) was 
digested with excess Eco R\ ( New England 
Biolabs) then analysed by Southern blot 
hybridization. A mixture of all EcoRl 
fragments of A HER-A62 and A HER-A64 
(as in Fig. 4) was radiolabeled with [a- 
32 P]dATP and (a- 32 P]dCTP (Amersham) 
by the procedure of Taylor et al* : . Pro- 
cessed filters were exposed to X-ray film 
for 5 days at -70 °C using Cronex light- 
ning plus intensifier screens. A phage 
DNA was digested with EcoRi and 
Hmdlll was used as a size marker. 



| two normal mRNAs, this RNA species is overexpressed -100- 
fold (Fig. 46, c). In addition to the normal mRNA bands at 10.5 
and 5.8 kb, various fainter bands are observed after long 
exposure times in both placenta and A431 RNA preparations 
(see Fig. 4 and data not shown). A 6.1-kb mRNA which is 
j present in both A43I cells and placenta appears to be 
r homologous to all probes used; the same is true for a placenta- 
j specific 13-kb mRNA. Another group of mRNAs from both 
sources hybridizes with either 5' ( 1.8 kb) or 3' (8.9 kb) probes. 
Faint A43 1 -specific hybridization signals are detected with 5' 
probes at 3.3, 1 .65, 1 .5 and 1 .3 kb in addition to the predominant 
2.8-kb mRNA. These bands may represent low-abundance 
variant transcripts of the same gene, or possibly transcripts of 
other genes which are structurally related to either the entire 
EGF receptor or one of its major domains. 

Truncated EGF receptor sequences 

To characterize in detail the predominant 2.8-kb variant mRNA 
from A431 cells, an oiigo(dT)-primed cDNA bank (>2 kb; - 10 s 
clones) was screened with a 5'-specific EGF receptor cDNA 
probe (Fig. 4, fragment I). Of 167 positives, the three clones 
with the largest inserts were found by restriction enzyme analysis 
to be related to but distinct from clone A HER-A64. Clone 
AHER-A109 (2.5 kb) was sequenced and was found to be iden- 
tical with our EGF receptor cDNA sequence starting at amino 
acid position -8 in the signal sequence and extending through 
almost the entire extracellular domain of the receptor. The 
amino acid sequence identity terminated abruptly, however, 
at amino acid residue 615, shortly before the transmembrane 
portion of the normal sequence (see Fig. 5a, c). Downstream 
from this residue the open reading frame continues for another 
!S amino acids, followed by an opal codon (TGA) and a 548- 
nucleotide 3'-untranslated sequence which includes an 
A ATA A A box 34 nucleotides upstream from the poly(A) addi- 
tion site. The cDNA (A HER-A109) encodes an approximately 
70,000-MW truncated EGF receptor protein which, because it 
contains a signal peptide but lacks the receptor transmembrane 
region, should be secreted by A431 cells. Monoclonal antibody 
Rl (ref. 42), which recognizes the extracellular domain of the 
EGF receptor, does in fact immunoprecipitate a secreted 
II5,000-MW glycopeptide, which is thought to be formed by 
post-translationai modification of a 68,000-MW polypeptide". 
Analogous truncation of the vesicular stomatis virus transmem- 
brane glycoprotein by molecular cloning techniques led to 
secretion of a soluble protein, albeit at a severely reduced rate J \ 
To establish the identity of this chimaeric cDNA, differential 
Northern blot hybridization experiments were carried out. 
Hybridization using a 185-bp EcoRI-SacI probe derived from 
clone A HER-A21, which includes only sequences upstream 
from the 5' end of the variant clone A HER-A109, resulted in a 



pattern identical to that seen in Fig. 4/),i\ This finding, in 
combination with the size and sequence of clone A HER-AI09, 
showed that the 2.8-kb mRNA shares 5' sequences with the 5.8- 
and 10.5-kb mRNAs. It is not yet clear whether transcription 
ot these mRNAs is under the control of the same regulatory 
elements or whether sequence rearrangements in the 5'-flanking 
region of the receptor gene lead to overexpression of the.2.8-kb 
mRNA. A variant-specific probe (260 bp Hpa\-Eco\) derived 
from the 3' end of clone A HER-AI09 hybridized to the major 
A43 1 -specific 2.8-kb band as well as to fainter 4.7- and 8.4-kb 
bands, but not to the 5.8- and 10.5-kb mRNAs (Fig. 5b). 
Although the two less abundant (4.7- and 8.4-kb) A431 -specific 
transcripts have the same 3' untranslated sequence as our 
chimaeric cDNA clone A HER-AI09 and therefore could have 
engendered the cDNA, since neither of them showed homology 
with various EGF receptor gene sequences, we conclude that 
our chimaeric cDNA was derived from the 2.8-kb mRNA and 
that the 4.7- and 8.4-kb mRNAs probably represent transcripts 
from the parental gene which contain the 3' region of the 2.8-kb 
mRNA. 

Gene amplification 

A431 epidermoid carcinoma cells express about 10-50 times 
more EGF receptors on their surfaces than most other cell 
types 1 " 17 . The remarkably high EGF binding capacity of these 
cells seems to be correlated with the presence of chromosomal 
translocations involving chromosome 7 (ref. 18), which is known 
to carry the EGF receptor gene 44 * 45 . In addition to the two 
translocated fragments of chromosome 7 (M4 and M14), A431 
cells contain two copies of the normal chromosome 7 (ref. 18). 
To investigate further the genetic basis for the high EGF receptor 
levels in these ceils, we compared A431 cell chromosomal DNA 
with DNA from placenta and other normal tissues. Assuming 
that the A431 cell chromosomal translocations described by 
Shimizu and Kondo" 1 involve the entire EGF receptor gene, the 
signal in Southern hybridization experiments for A431 DNA 
was expected to be twice that detected for DNA from placenta 
and other human tissues. Figure 6 shows an autoradiograph of 
a Southern blot hybridization analysis of equal amounts of 
Eco R I -digested A431 (lane a) and placenta (lane b) DNAs. On 
the basis of densitometric quantification we estimate that the 
EGF receptor gene is amplified 15-20 times in A431 cells com- 
pared with DNA from normal diploid cells. Variable intensities 
of hybridization signals were observed for different bands within 
one lane, which may be due to different factors such as efficiency 
of transfer and binding to nitrocellulose, co-migration of 
hybridizing DNA fragments and the use of a mixed probe 
consisting of five DNA fragments of different size (see Fig. 6 
legend). The highly selective conditions used in the hybridization 
experiments excluded cross-hybridization to related but non- 
identical sequences. Based on more detailed Southern hybridiz- 
ation experiments using various regions of the cDNA to probe 
separate blots, we estimate that the gene coding for the 5.8-kb 
EGF receptor mature transcript is greater than 50 kb in size 
(data not shown). 

Our data suggest that various segments of the entire gene are 
amplified to the same extent. Furthermore it appears that the 
8.9-kb hybridization signal obtained with A431 DNA (Fig. 6, 
lane a) is due to sequence rearrangements, since it is not present 
in placental and other normal DNAs (Fig. 6 and unpublished 
results). Additional indications of sequence rearrangements 
affecting the amplified receptor gene and its flanking regions 
have been detected in genomic Southern hybridization experi- 
ments using the 3' nonhomologous sequence of clone AHER- 
AI09 as a probe (A.U., in preparation). 

Discussion 

We have presented here for the first time the complete amino 
acid sequence of a cell surface receptor for a peptide ligand — the 
mitogen EGF. 

Inspection of the receptor's predicted primary sequence 
reveals a stretch of 23 predominantly hydrophobic amino acids 
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Residues 622-644) which contains only a single amino acid with 
a side chain capable of hydrogen bonding. This sequence, in 
an a-helical configuration, could span the lipid bilayer and the 
group of basic residues immediately C-terminal (residues 89- 
101) are likely to interact with the phospholipid head groups in 
the membrane. It is unlikely that the external domain of the 
receptor contains regions that cross the lipid bilayer since in 
A43I cells a truncated receptor resulting from gene rearrange- 
ment and consisting of almost the entire external domain is 
secreted. The cytoplasmic domain may interact with the lipid 
bilayer but at regions with different structural features from 
those of the 23-amino acid transmembrane domain. The receptor 
therefore can be divided into two functional domains— an 
extracellular one of 621 amino acids and a cytoplasmic domain 
of 542 amino acids— linked by a short transmembrane region. 

The extracellular domain would contain the EGF-binding 
site. This domain contains 12 of the 16 possible sites for 
asparagine-linked glycosylation (Asn-X-Ser or Asn-X-Thr). It 
is likely that the majority of these sites are indeed modified 
since Mayes and Waterfield" have shown that 1 1 sites are gly- 
cosylated in the precursor of the secreted external domain of 
the molecule. 

A particularly striking feature of the receptor concerns the 
distribution of cysteine residues between the extracellular and 
cytoplasmic domains. The cytoplasmic domain of 542 amino 
acids contains nine cysteine residues (-2%), a value well within 
the range of most cytoplasmic proteins. The extracellular domain 
of 621 amino acids, however, contains 5 1 cysteine residues, most 
of which are concentrated within two regions of ~~ 170 amino 
acids located at positions 134-313 and 446-612 (see Fig. 2c). 
Alignment of these cysteine-rich sequences with one another 
reveals similarities in the spacing of the individual cysteine 
residues, possibly reflecting the involvement of these residues 
in the formation of two repeated structures and a common 
evolutionary origin by gene duplication for this part of the 
receptor. We do not yet know whether these cysteine residues 
are all disulphide-bonded. 

The cytoplasmic domain undoubtedly contains the tyrosine- 
specific protein kinase activity and has the stretch of amino acid 
sequence (approximately residues 690-940) that is shared by 
transforming proteins of the src family. 

The question remains, how do the domains function in signal 
transduction across the membrane? If, as we suggest, the EGF 
receptor polypeptide crosses the membrane only once, then a 
signal must be transduced through this region unless two or 
more receptor molecules are involved or an additional polypep- 
tide^) mediates the response to EGF. What could be the nature 
of the^signal? Since EGF induces rapid changes in ion move- 
ments it is possible that the receptor itself could function as a 
channel. Very little is known about structure-function relation- 
ships for such channels except in the case of bacteriorhodopsin 4 * 
and the acetylcholine receptor 47 . For both these proteins it 
seems that multiple transmembrane segments formed from either 
a single polypeptide in the case of bacteriorhodopsin or from 
multiple subunits in the case of the acetylcholine receptor 
contribute to channel function. Inspection of the putative EGF 
receptor transmembrane sequence suggests that, even if ligand- 
mduced aggregation brought several transmembrane segments 
into close apposition, the sequence itself does not contain any 
amino acids with side chains that could be involved in ion or 
proton translocation. 

An alternative hypothesis is that an EGF-induced conforma- 
tional change in the external domain is transmitted to the cyto- 
plasmic domain, perhaps as a result of movement of the trans- 
membrane domain but more likely involving receptor aggrega- 
tion. EGF will induce receptor clustering 48 " 50 and antibody 
cross-linking can mimic the effects of the growth factor 31 -- 
Such clustering of extracellular domains would necessarily bring 
the corresponding cytoplasmic domains into close proximity 
allowing inter-receptor interactions which might include stimu- 
lation of tyrosine kinase activity resulting in autophosphoryla- 
tion. The experimental evidence cannot exclude a mechanism 



where a receptor molecule bearing bound iigand interacts with * 
other polypeptides which transduce the transmembrane sianal ) 
and hence stimulate kinase or other activities indirect. 
However it is »mportant to note that EGF can stimulate tvrosine 
kinase activity of highly purified EGF receptor (rcf. 53 and Y.Y., 
in preparation). ' • 

Comparison of receptor gene expression patterns in normal 
placental tissue and the tumour cell line A431 has revealed I 
distinct differences both at the transcriptional and at the gene } 
structural level. We have shown that the EGF receptor is encoded ' 
by a 5.8-kb mRNA in both placental and A431 cells. We also 
detect a 10.5-kb mRNA which may be a transcriptional variant 
derived from the same gene, perhaps carrying a longer 3'- 
untranslated region, analogous to other genes 38,39 . Both the 5.8- 
and 10.5-kb mRNAs are expressed at variable but similar levels f 
in both cells, which is remarkable because A43 1 cells are known j 
to possess 10-50-fold more cell surface EGF-binding sites and j 
associated tyrosine kinase activity than most other cell types 1617 . ! 
The abnormality we detect instead is that A431 cells synthesize | 
a 2.8-kb mRNA at levels 1 00-fold greater than that of the larger 
mRNA species. This mRNA encodes a 70,000-MW secreted i 
polypeptide representing almost the entire extracellular EGF j 
binding domain of the receptor 22 . Since this truncated receptor \ 
is secreted 22 , it cannot account for the observed overexpression f 
of EGF receptors detected by increased EGF binding capacity 1 , \ 
monoclonal antibody binding 42 , immunoprecipitation of tyro- < 
sine kinase activity 45 and receptor protein quantification as J 
observed on SDS-polyacrylamide gel analysis of these ceils' 4 . 

Thus the important question of the mechanism for the 
dramatically increased EGF receptor levels in A431 cells remains I 
unsolved. We have found that the EGF receptor gene is amplified | 
15-20-fold in A431 cells, yet amplification does not lead to f 
concomitant increased synthesis of the 5.8- and 10.5-kb mRNAs. 
A431 cells contain two normal copies of chromosome seven and 
two chromosomes bearing a chromosome seven translocation' 8 . 
Others have observed that gene amplification events are often 
associated with chromosomal translocations 54 * 55 , and Shimizu 
and Kondo have shown that the overproduction of EGF receptor 
in A43I cells is genetically linked to the chromosome seven 
translocation (M4)' 8 . We propose that the 5.8-kb and 10.5-kb 
mRNAs are derived from the two normal copies of chromosome 
seven, while the novel overexpressed 2.8-kb mRNA is derived 
from the amplified gene copies. Our results do not explain the 
link between high levels of intact receptors with chromosome 7 
translocation. 

Amplification of the EGF receptor gene in A431 cells could 
have occurred intrachromosomally or by generation of acentric 
extrachromosomal elements (so-called double minute chromo- 
somes). It is possible that the sequence rearrangements we 
detected (A.U., in preparation) occurred during or after the 
translocation process and created an altered copy of the EGF 
receptor gene, leading to truncation and moderate over- ' 
expression, before amplification. Alternatively, sequence alter- 
ations could have occurred during gene amplification, resulting 
in overexpression of a single aberrant gene. Detailed analysis 
of the EGF receptor gene and flanking sequences from normal 
and A431 cells will be necessary to determine whether the 
occurrence of the amplified gene generates a truncated mRNA 
and why this mRNA is overexpressed. 

It is also not clear from these results why A431 cells are 
uniquely unresponsive to the amounts of growth factor which 
are usually mitogenic for fibroblasts 19 - 20 * 56 . 

The finding that A43I vulval carcinoma cells produce a trun- 
cated polypeptide which is virtually identical to the external 
domain of the receptor is particularly intriguing in view of our 
earlier observation that the v-erb-B oncogene encodes what 
seems to be a truncated avian receptor polypeptide correspond- 
ing to the transmembrane and cytoplasmic domains 14 . We can- 
not yet exclude the presence, at a low level, in A431 cells of an 
mRNA which could encode such a cytoplasmic membrane- 
associated domain. It seems likely that the A431 2.8-kb mRNA 
and the secreted EGF receptor external domain are unique to 
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A431 cells and do not provide any clues to the neoplastic origin 
or character of this cell line. Since the A431 cell line— and the 
many variants of this cell line which must now exist (see Fig. 
5)— has a multitude of defects exemplified by its 78 chromo- 
somes 18 , it is clearly best to regard this ceil line with caution 
when exploring the mechanism of action of EGF or in charac- 
terizing changes which relate in a meaningful way to neoplasia. 

The structural studies described here provide a basis from 
which to probe other cell lines and primary tumour tissue for 
alterations in the EGF receptor, its gene, or its transcription 
pattern. 

After this manuscript was completed two publications related 
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to the subject appeared. It was shown that A43I cells produce 
a 1 05,000- MW protein related to the external domain of the 
molecule' 13 , as previously reported by Mayes and Waterfield", 
and that amplification and altered expression of the EGF recep- 
tor gene occurs in A431 cells 64 . 
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Conservation and change in the DNA 
sequences coding for alcohol 
dehydrogenase in sibling species of Drosophila 
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The DNA sequences of the alcohol dehydrogenase (Adh) genes of four very closely related species of Drosophila show 
•Mat the rates of nucleotide change vary greatly in different functional domains of this gene. A phylogeny of these species 
based on the Adh sequence data is consistent with that based on polytene chromosome banding patterns. 



Species of Drosophila are ideal for studies of DNA sequence 
evolution as we have very detailed knowledge of the phylo- 
genetic relationships within many groups of the genus'. 
Drosophila melanogaster is an unusual member of the family 
Drosophilidae— it is one of a very small number of species (8 
out of over 2,700) that is virtually cosmopolitan in its geo- 
graphical distribution. Its closest relative, Drosophila simutans, 
also cosmopolitan, although until recently it was rare in 
South-East Asia and Japan : \ Recent studies of the drosophilid 

* Present address: Celltech, 250 Bath Road, Slough SL1 4DY, Berkshire, 
Lk. 



fauna of Africa have identified six species closely related to 
D. melanogaster and O. simulans*~ 9 . These are Drosophila 
yakuba and Drosophila teissieri, widely distributed in sub- 
Saharan Africa: Drosophila erecta and Drosophila orena, known 
only from tropical West Africa; and Drosophila mauritiana and 
Drosophila sechellia, endemic to the islands of Mauritius and 
the Seychelles respectively. These eight species form the 
melanogaster species subgroup. Morphologically they are very 
similar, their male genitalia providing their only reliable distin- 
guishing features. Ecologically the six Afro-tropical species may 
be more restricted than either D. melanogaster or D. simulans: 
for example D erecta breeds almost exclusively on the fallen 
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Amplification of a Novel v i>B-Related Gene in a 
Human Mammary Carcinoma 

Abstract. The cellular gene encoding the receptor for epidermal growth factor 
(EGF) has considerable homology to the oncogene of avian erythroblastosis virus. In 
a human mammary carcinoma, a DNA sequence was identified that is related to v- 
erbB but amplified in a manner that appeared to distinguish it from the gene for the 
EGF receptor. Molecular cloning of this DNA segment and nucleotide sequence 
analysis revealed the presence of two putative exons in a DNA segment whose 
predicted amino acid sequence was closely related to, but different from, the 
corresponding sequence of the trbB/EGF receptor. Moreover, this DNA segment 
identified a 5-kilobase transcript distinct from the transcripts of the EGF receptor 
gene. Thus, a new member of the tyrosine kinase proto-oncogene family has been 
identified on the basis of its amplification in a human mammary carcinoma. 
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Laboratory of Cellular and 
Molecular Biology, 
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Bethesda, Maryland 20205 

The oncogenes of the acute transform- 
ing retroviruses have counterparts, des- 
ignated proto-oncogenes, that are con- 
served within the human genome (/). 
The human sis proto-oncogene encodes 
one major polypeptide chain of platelet- 
derived growth factor (PDGF) (2), and 
the erbB proto-oncc 0 ene appears to en- 
code the receptor for epidermal growth 
factor (EGF) (3). A number of other 
proto-oncogenes, like erbB, share nucle- 
otide sequence homology with the tyro- 
sine kinase-encoding src gene (4). The 
fact that cellular receptors for several 
growth factors or hormones, including 
the EGF receptor, possess this enzymat- 
ic activity suggests that other proto-on- 
cogenes may encode growth factor re- 
ceptors as well. 

Genetic alterations affecting proto-on- 
cogenes of the tyrosine kinase family can 
play a role in spontaneous tumor devel- 
opment. A specific translocation affect- 
ing the c-abl locus, for example, is asso- 
ciated with chronic myelogenous leuke- 
mia (5). Several recent studies have also 
documented amplification or rearrange- 
ment of the gene for the EGF receptor in 
certain human tumors (6) or tumor cell 
lines (7). We now report the detection 
and partial isolation of a gene that is a 
new member of the tyrosine kinase fam- 
ily and is amplified in a human mammary 
carcinoma. This gene is closely related 
to, but distinct from, the EGF receptor 
gene. 

The identification of additional mem- 
bers of some proto-oncogene families 
has emerged from findings of related 
sequences amplified sufficiently in a par- 
ticular tumor to allow detection (8). Be- 
cause of our interest in genes coding for 
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growth factor receptors, we used the v- 
erbB gene to probe for related genes that 
might be candidates for other receptor 
coding sequences. We selected moderate 
stringency hybridization conditions un- 
der which different oncogenes . of the 
tyrosine family did not cross-hybridize. 
Thus, any gene detected might be ex- 
pected to have a closer relationship to v- 
erbB than to other members of the tyro- 
sine kinase family. 
DNA prepared from tissue of a human 
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Fig. 1. Detection of v-erbB- and pMAC 117- 
specific gene fragments in normal human pla- 
centa, A431 cells, or human mammary carci- 
noma MAC117. DNA (15 ng) w *s cleaved 
with Eco RI, separated .by electrophoresis in 
agarose gels, and transferred to nitrocellulose 
paper {18). Hybridization to the 32 P-labeled 
probe (20) was conducted in a solution of 40 
percent formamide, 0.75M NaCl, O.075A/ so- 
dium citrate, at 42°C (19). The v-erbB probe 
(A) was a mixture of the 0.5-kbp Bam Hi- 
Bam HI fragment and 0.5-kbp Bam HI-Eco 
RI fragment of avian erythroblastosis proviral 
DNA. The pMACH7 probe (B) was a 1-kbp 
Bgl I-Bam HI fragment. After hybridization, 
the blots were washed first in 0.3M NaCl plus 
0.03 M sodium citrate at room temperature, 
and then in 0.015A/ NaCl, 0.0015M sodium 
citrate, and 0.1 percent sodium dodecyl sul- 
fate at 42°C (A) or at 52°C (B). Hybridization 
was detected by autoradiography. 



/lammary carcinoma, MAC1 17, showsd 
a pattern of hybridization (Fig. iAMhaJ ' | 
differed both from that observed with ^ 
DNA of normal human placenta and 
from that observed with the A43l squa- 
mous-cell carcinoma line, which con- 
tains amplified EGF receptor genes (7). 
In A431 DNA, four Eco RI fragments 
were detected that had increased signal 
intensities compared to those of corre- 
sponding fragments in placenta DNA 
(Fig. IA). In contrast, MAC117 DNA 
contained a single 6-kilobase pair (kbp) 
fragment, which appeared to be ampli- 
fied compared to corresponding frag- 
ments observed in both A431 and placen- 
ta DNA's (Fig. 1 A). These findings were 
consistent with the possibility that the 
MAO 17 tumor contained an amplified 
DNA sequence related to, but distinct 
from, the cellular erbB proto-oncogene. 

To clone the 6-kbp ^fragment, we di- 
gested DNA from MAC 1 17 with Eco RI, 
ligated it into bacteriophage XgtWES, 
packaged it in vitro, and transferred it to 
Escherichia coli strain BNN45 by infec- 
tion. A library of 4 x 10 5 bacteriophages 
was screened by plaque hybridization 
with radioactive \-erbB DNA. Ten of 14 
hybridizing phages contained a 6-kbp 
Eco RI fragment. Figure 2 shows the 
physical map of one of these phages, 
XMAC1 17, and pMACl 17, a pUC12 sub- 
clone containing a 2-kbp Bam HI frag- 
ment of XMAC1I7 that hybridized with 
v-erbB probes. The region of pMAC117 
to which v-erbB hybridized most in- 
tensely was flanked by Acc I and Nco I 
sites. Human repetitive sequences were 
also localized (Fig. 2, region demarcated 
by arrows). 

By digestion of pMAC117 with Bgl I 
and Bam HI, it was possible to generate 
a single-copy probe homologous to v- 
erbB. This probe detected a 6-kb Eco RI 
fragment that was amplified in MAC 117 
DNA and possibly increased in A431 
cellular DNA relative to normal DNA 
(Fig. IB). The sizes of the fragments 
corresponded to the amplified 6-kb Eco 
RI fragment detected in MAC117 DNA 
by means of v-erbB (Fig. 1A). Hybrid- 
ization to Southern blots containing seri- 
al dilutions of MAC1I7 genomic DNA 
indicated an approximate amplification 
of 5- to 10-fold when compared to human 
placenta DNA. 

The nucleotide sequence of the por- 
tion of pMAC117 located between the 
Nco I and Acc I sites contained two 
regions of nucleotide sequence homolo- 
gous to v-erbB separated by 122 nucleo- 
tides (Fig. 3). These regions shared 69 
percent nucleotide sequence identity 
with both the v-erbB and the human 
EGF receptor gene. The predicted amino 
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induced rat neuroblastoma has bef 'e- 
tected by DNA, transfection arv. Vis 
(7/). This" oncogene, designated neu, ap- 
pears to encode a protein immunologi r 
cally related to the EGF receptor (12). 
Whether the MAC 117 coding sequence 
and neu represent the same or different 
cellular genes awaits further character- 
ization. 

Overexpression of proto-oncogenes 
can cause cell transformation in culture 
and may function in the development of 
human tumors. Amplification of a nor- 
mal ras gene or its increased expression 
under the control of a retroviral long 
terminal repeat (LTR) induces transfor- 
mation of NIH 3T3 cells (13). Expression 
of the normal human s/s/PDGF-2 coding 
sequence in NIH 3T3 cells, which do not 
normally express their endogenous sis 
proto-oncogene, also leads to transfor- 
mation (14). In Burkitt lymphoma, a 
chromosomal translocation involving 
myc places its normal coding sequence 
under the control of an immunoglobulin 
gene regulatory sequence (15). The re- 
sulting alteration in myc expression is 
likely to be causally related to tumor 
development (16). The observation of 
amplification of myc or N-myc in more 
malignant phenotypes of certain tumors 
has supported the idea that overexpres- 
sion of these genes can contribute to the 
progression of such tumors (#, 17). The 
e/^B/EGF receptor gene is amplified or 
overexpressed in certain tumors or tu- 
mor cell lines (6). The five- to tenfold 
amplification of our v-er£B-related gene 
in a mammary carcinoma suggests that 
increased expression of this gene may 
have provided a selective advantage to 
this tumor. The isolation of a new mem- 
ber of the tyrosine kinase gene family 
amplified in a human mammary carcino- 
ma provides an opportunity to investi- 
gate the potential role of this gene in 
human malignancy. 

Note added in proof: Recently, Semba 
ex al. (28) independently detected a v- 
evfcB-related gene that was amplified in a 
human salivary gland adenocarcinoma. 
Nucleotide sequence analysis of this 
gene indicates its identity to the MAC1 17 
gene in the regions compared. 
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acid^ sequence of these regions was 85 
» percent homologous to two regions that 
axe contiguous in the EGF receptor se- 
quence (7). Furthermore, these two pu- 
tative cbding regions of the MACH7 
sequence were each flanked by the AG 
and GT dinucleotides that border the 
exons of eukaryotic genes (9). These 
findings suggest that the sequence shown 
in Fig. 2 represents two exons, separated 
by an intron, of a gene related to the 
erbB/EGF receptor gene. 

The predicted amino acid sequence of 
the XMAC117 putative exons is homolo- 
gous to the corresponding sequences of 
several members of the tyrosine kinase 
family. The most striking homology was 
observed with the human EGF receptor 
or erbB (Fig. 3). In addition, we ob- 
served 42 percent to 52 percent homolo- 
gy with the predicted amino acid se- 
quences of other tyrosine kinase-encod- 
ing genes. At 25 percent of the positions 
there was identity among all the se- 
quences analyzed (Fig. 3). A tyrosine 
residue in the \MAC117 putative coding 
sequence, conserved among the tyrosine 
kinases analyzed, is the site of autophos- 
phorylation of the src protein (10). 

The availability of cloned probes of 
the MACM7 gene made it possible to 
investigate its expression in a /variety of 
cell types. The MAC 117 probe detected 
a single 5-kb transcript in A431 cells 
(Fig. 4). Under the stringent conditions 
of hybridization utilized* this probe did 
not detect any of the three RNA species 
recognized by EGF receptor comple- 
mentary DNA. Thus, MAC II 7 repre- 
sents a new functional gene within the 
tyrosine kinase family, closely related 
to, but distinct from, the gene encoding 
the EGF receptor. 

There is precedent for the identifica- 
tion of genes related to known onco- 
genes on the basis of their amplification 
in human tumors. For example, the high 
degree of amplification of N-myc in cer- 
tain malignancies made it detectable by 
means of the myc gene as a molecular 
probe (8). In the present study, a five- to 
tenfold amplification of a v-erbB-related 
gene in the MAC1 17 mammary carcino- 
ma made it possible to identify this se- 
quence against a complex pattern of 
EGF receptor gene fragments. Analysis 
of DNA from ten additional mammary 
carcinomas has not revealed amplifica- 
tion of the MAO 17 gene. However, 
extensive studies will be required to de- 
termine the frequency of MAC 117 gene 
amplification in different human malig- 
nancies. 

The MAC 1 17 coding sequence, as de- 
termined by nucleotide and predicted 
amino acid sequence, was most closely 



elated to the erbB/EGF receptor among 
Known members of the tyrosine kinase 
family. The two genes are distinct, on 
the basis of sequence diversity and tran- 
script size. Detailed structural analysis 
of the complete coding sequence should 
give insights into the possible functions 



of v-er^B-related gene. Neverthe- 
less, because of its close relationship to, 
the sequence of the EGF receptor, it is 
possible to speculate that the MAC 117 
coding sequence may also be derived 
from a gene encoding a growth factor 
receptor. An oncogene in a chemically 
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Fig. 2. Restriction-site map of \MACI 17 and plasmid pMACl 17. A, Acc I; B, Bam HI; Bg, Bgl 
I; N, Nco I; R, Eco RI; X, Xba I; Xh, Xho I. The sites were located by electrophoretic analysis 
of the products of single and double digestion. Regions homologous to v-erbB or human 
repetitive sequences (region flanked by arrows) were located by Southern blot hybridization 
(18) with the v-erbB probe or total human DNA made radioactive by nick translation (20). 
Hybridization conditions were as described in Fig. I A. The nucleotide sequence of pMACII7 
between the Acc I site and the Nco I sites and regions of encoded amino acid sequence 
homologous to the EGF receptor are shown. The AG or GT dinucleotides flanking the putative 
coding regions are underlined. To determine the sequence, Nco I, Hinf I, and Sau 96 I 
fragments were labeled at the 3' termini by means of the large fragment of E. coli DNA 
polymerase, separated into single strands by gel electrophoresis, and chemically degraded (21). 
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Fig. 3 (left). Comparison of the putative encoded amino acid sequence in pMACl 17 with known 
tyrosine kinase sequences. Black regions represent homologous amino acids. Differing amino 
acid residues are shown in one-letter code (22). Amino acid positions conserved in all sequences 
are denoted by *. The tyrosine homologous to that autophosphorylated by the v-src protein (JO) 
is shown by an arrow. The v-abl sequence contains a tyrosine residue in this region displaced by 
two positions. The amino acid sequences of human EGF receptor (7), v-erbB (4), v-src (23), v- 
abl (24), v-fms (4), and human insulin receptor (25) were aligned by the computer program 
described (26). The homology observed with the predicted amino acid sequences of v-yes and v- 
fes was 51 percent and 48 percent, respectively. Fig. 4 (right). Detection of distinct 
messenger RNA species derived from the XMACI 17 gene and the human EGF receptor gene. 
Polyadenylated messenger RNA of A431 cells was separated by denaturing gel electrophoresis 
in formaldehyde (23), transferred to nitrocellulose (18), and hybridized under stringent 
conditions (50 percent formamide, 0.075Af NaCl, 0.75Af sodium citrate, at 42°C) with 32 P- 
labeled probe from pMACl 17 (Bgl I-Bam HI fragment) or human EGF receptor complementary 
DNA (PE7: 2-kb Cla I inserted fragment). Filters were washed under conditions of high 
stringency (0.0I5A* NaCI plus 0.0015A/ sodium citrate at 55°C). Hybridization was detected by 
autoradiography with exposure times of 4 hours for the pMAC117 probe and 1 hour for the 
human EGF receptor probe. 
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